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I Advertiſement. 


HE many Editions Mr. 
Coggeſhall's Art of Practical 
Meaſuring has gone through, 
is a ſufficient Proof of its Worth. The 
Corrections and Improvements that 
| have been made by the Ingenious Mr. 
| Ham has rendered it generally uſeful : 
But to make the Work ſtill more ſo, 
it has been thought proper to add, a 
ſhort Treatiſe of Practical Geometry 
and tbe Principles of Plain Trigono- 
metry, with the Application thereof by 
a few Problems, which are here drawn 
up in a plain and eaſy manner for the 
Je of Learners. en, 


fe 


| ERRATA. 

AGE 7. line 7. for A read As, p. 9. I. 20. after XB 
add, then eut off AC equal to AE, I. 25. for Fig. 6, r. 
Fig. s. P. 12. 1. fe through F, r. through Q P. 18. J. 7. 
for D Gr. GB and for HG . AG, p. 28. J. 28. Marg. 
add, Fig. 4. 7 47. J. 4. for Sine r. Line, p. 55. I. 1. add 
Sr r. IV. J. 5. Marg. add, Fig. rg. 1, 25. Marg. addy 


Fig. 20. p. 56, J. 21. Marg. add, Fig. 21. 
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Fractical GEOMETRx. 


OMPENDIU 


DzFINITIONSò. 


La 8 POINT is that which has no 
Parts. 7 | 
77 2. A Line is Length, without 
Breadth, and is praduced by the 
flowing of a Point. 
3 Points are the Terms of a 
Line. 


I — <a> 


[ 
—— 


A right Line, as A B, is that which lies Fg. 1. 


ly betwixt its Terms. 


Parallels are ſuch right Lines in the ſame Plane, Fig. 2. 


N and CF, which, if infinitely produced on 

Sides, would never meet. | 

A Surface has only Length and Breadth; whoſe 

ms are Lines. | XS 

| 4 plain Surface lies even]y betwixt its Terms, 
is produced by the Motion of a right Line. 

A Body is a Magnitude long, broad and deep; 
e Terms are — A Body therefore has 


72 three 
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Fig. 3- 


three Dimenſions, a a Surface two, 4 Line one, and 


Sides, or Legs. 
the Legs meet, as in the Point A. 


a curvilinear Angle of crooked Lines, as B; anc 


1+] 
Point nane. 
9. A plain Angle is the Inclinatien of two Lil“ 
AB and AC to one another in the fame Pla 
which touch each other in the Point A, but {of 


not to make one right Line. 
10. The Lines forming an Angle are called 


t1.- The Vertex, or Top, of the Angle i is wh 
12. Aright-lined Angle is made of fireight Lin 


mixed one of a ſtreight Line and a crooked one, as 
13. A ſingle Angle is deſigned by one Letter at 
Top, as X; but when there are more at one Poi 
they are expreſſed by three Letters, BAF; when 
that at the Top of the Angle is placed in the Midd 
14. Angles are equal, if, when the Tops are F" 
one on another, the Sides of the one exactly fall u. 
the Sides of the other; but it is not requaren a 
Sides ſhould be of the ſame Length. 
15. When a right Line, AD, ſtanding on ano 
right Line CB, makes on both Sides thereof the 
gles CAD, and DAB, equal between themſe 
each of theſe Angles is called a right one; and 
right Line AD ſtanding on the other, is calle 
Perpendicular Line. 
16. An obtuſe Angle, C AX, is greater the I 
right one. s | 
17. An acute Angle, X AB, is leſs than a right} 
Theſe two. Angles are often called obligue Angles. * 
18. A Triangle is a plain Surface contained ji 
der three right Lines. 
19. An equilateral 1 has all its three 
equal. 
20. An Iſoceles, or | Equicrural Triangle has ( 
two Sides equal. 
21. A ſcalene Triangle, has all its three Sides 1 
equal. 5 
22. Aright angled Triangle has one right Au! 
as B. 105 


The Side AC, oppoſite to the right Angle B, if 


a ; 
der 
. 1 
ty 


EF: ; 

| the Hypothenuſe, the longeſt Side CB, of the ether 

„ including the right Angle, is called the Baſe and 

o Li ird Side BA the Perpendicular, or Cathetun. 

e Plagz3. 1. obtuſe angled Triangle has one obtuſe An- Fig. 7. 
a8 X. | 

— 3 24. An acute angled Triangle has all its three An- Fig. 5. 

called acute, as A, B and C. | | 

Jes. The Height of a plain Triangle, is the Length Fig. 6, | 

is wh Line AD, let fall perpendicular from any of its and 7. 1 
gles upon the Side oppoſite to that Angle from | 

ence 1t falls, and it may either fall within, or 

hout the Triangle, | | 

0. A Circle is a plain Figure contained under Hg. 9. 

Line called the Circumſerence, or Periphery, to 


|. alli 


ht Ling 
3 Ac 
Ne, 28 


ter at 3 . „ » . v 

ne Polch 4! right Lines, drawn from a certain Point C 
wherſ<d the Center) are equal. 

5 


© | 


fall u tne Circumference ; and it divides the Circle 
Iwo equal Parts. 
J. The Semidiameter, or Radius, is a right Line 
3 drawn from the Center to the eee ee 
of the Þ A Quadrant, A E, is the Quarter of a Circle 
themſch 2y the Radius E C, perpendicular to the Pig. 
- and fr AB, at the Center C, cutting the Periphery 
is callele Middle at E. i 
. A Chord or Subtenſe, A G, of an Arch is a 
oh Line cutting the Circle into two uncqual Parts, 
s leſs than the Diameter. 
A Segment, of a Circle, is a Figure included 
xt the Chord and that Arch of the Periphery 
f by the Chord; and is either greater or lci> 
a Semicircle, as AE G, or AF G. 
three N A Sector is a Part of a Circle contained under 
$cmidiameters CD, and CB, and an Arch BD, 
Þ is the Meaſure of the Angle B CD, intercept- 
twixt the Semidiameters, : e 
tbe Angles of Sectors are Augles at the Center. 
An Angle in the Segment of a Circle, FAG, 
right At tained under the Lines FA and AG, drawn 
one Point A of the Circumference to the Ends 

le B, u Segment, Fand G. $a 

EB 34. An 
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a right 
Angles. 
ntained 


Te has 


ee Sides 
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Fig. 10. 


Fig.11. 
Fig. 12. 


33. A Rhombus, AB CD, is s equilatera], but p 
- equi-angled. 4 
39. ARhomboides, BZ, has its oppoſite Sides n 


Fig. 13. 


Fis.12, 
and 13.7 


_ cumference GB, as being oppoſite to it. 


ws 


34. An Angle of à Segment, as A, is contains 
under the right Line AF, and Part of the Ci 
cumference AF. 


35. An Angle, G AB, is ſaid to ſtand on the CF 


The Circumference is divided into 360 Degrees, 
Semicircumference into 180, and the Quadrant into q 
36. A Rectangle, AB CE, or a right angled I 
rallelogram, has four right Angles, and conſequen . 
equi-angled and its oppolite Sides equal. | 
37. A Square, AB C D, has equal Sides, andi 
right ang] ed. and conſeq: aently equi-angled. 


Angles equal, but is neither equilateral, nor equi-Y5 
pled. 0 
40 The Heigbth of a Rhombus, or RhomboidJs 

is a Line B E, or C F, let fall perpendicular fr 
any Ang upon the Side oppoſite to that Angle, 45: 


may be either within or without the Figures. e 


Hg. 10. 


Fig. 14. 


Fg. 15. 


Tig. 16 


All otber Figures that differ from rheje abo ven 5 
ficned, are called Trapezia. 

41. The Diameter, or Diagonal, of a Parall 7 
gram, and every Quadrilateral Figure, is a ri 
Line EB, drawn through the oppoſite Angles, 
divides the Figure into two Triangles. | 

42. The external Angle of a right Lined Fig 
ariſes without the Figure, when the Side 1s pro 
ced. Such are, A E B, BF C, CH E. F 

Every Figure therefor has ſo many external An 
as it has Sides, er internal Angles. 1 

A other Figures, that have more than Four 8. 
are calſed Polygons, whether regular, or irregular. Itin 

Polygons are named according to the Number of the 
Sides, as a Pentagon is that which has five Sideſllen 
Hexagon ix, an Heptagon ſeven, an Octogon eight, fs g. 

4.3. A Paralleiepiped is a Body bounded by 1ſifſe;/ 
rallelograms, whereof the two oppoſite ones ar 
ways equal and parallel 

44. A Cylinder is a Body made by the Rotation , 
right angled Parallelogram, A B CD, round one 
Sides, Till it end where it began. Fror 


ntaine [ 5 I 


4s. A Pyramid is a Body E E, bounded by ſeveral Fig. 17. 
* 33 'F CA, EA F. E AD, E DB, 5 is 
the Che Surface for the Baſe F, meet all in one Point E. 

46. A Cone is a Body made by the Rotation of a Fig. 18. 

es, (bt angled Triangle, ABC round a Circle, the 

to of gular Point of the right Angle being fix'd in the 

gled Fer» 

equenſ47 A Priſm is a Bedyhaving two parallel Planes ſi- Fig. 19. 

5 lar and equal; and the others Parallelograms, as AD. 

3. andi 48. A Sphere is a Body produced by the Motion Fig. 20. 

: a Semicircle BDE round its Diameter BD, 

put ich remains immoveable. 2 

: 19. A Tetrahedon, or Pyramid, is a Body con- Fig. 21. 

Sides ned under four equal and equilateral Triangles. | 

. eaui-$59- An Hexahedron, or Cube, is a Body (like a Fig. 22. 
ce) bounded by fix Squares. | | 

\mboidgst- An Octahedron, is a Body bounded by eight Fig. 23. 

llar fQÞal and equitfateral Triangles. _ | | 

ngle, $52: A Dodecahedron, is a Solid contained under Fig. 24. 

es. gelve equal and equilatera? Pentagons. | | 

450 enz. An Icoſahedron, is a Body contained under Fig. 25. 

Fenty equal and equilateral] Triangles. 
para Zee laſt five, are called the free regular Bodies. 
s 4 ri Po . | 
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ngles, 4 Bo | 
4 __ GEOMETRICAL PROBLEMS. 
ed Fig | = 
e is Pro FFF | 
lo divide a given Line AB, into two equal Parts. Fig. 2 
rnal | | | NA 


ROM the Centers Aand B, deſcribe two Cir- 
Four & cles, with the Radius more than helf the Line, 
egular. ting one another in C and D, and ſo draw the right 
ber of e CD. The fame biſeQs the given Line AB. 

ve Sideſience a Perpendiculur may be raiſed upon the Middle 
; eight, Ys given Line, or one may be let [all from the Points 
d by fik:7 D, to tbe given Line. 

ones al 


| = IS > 
Rotation a given Point A, in a given right Zine CB, to Fs. 4 
nd one - raije a Perpendicular A D. y; 
From the Point A, take the equal Lines A C, 

: | B 3 / 


* 


and 


EW. 
1d N B. from the Centers C and B, deſeribe t twy 


Circles cutting one another in D. The Line drawn 
from A to D, will be the Perpendicular. 


RO HE 

Fig. 26. From a piven Point A, without a right Line LX, iM 
iet fall a Perpendicular to that Line. 

From the Center A, deſcribe a Circle, cutting the 

given Line LX in CI. Biſe the Line C I, wit 

the Line AB. This AB, is the Perpendicular. | 


P R O B. IV. [ 

J. Ig. 27. 75 raiſe a Perpendicular upon the End of a pint 
Line AB. 

Upon any Point out of the given Line, as at CÞ 

. deſcribe a Circle paſſing through the Point B, fronfſf 
which the Perpendicular is to be raiſed. From th 
Point A, where the Circle cuts the given Line, dra" 
the Diameter ACD. From the Point D, draw t 
Line DB, which will be the Perpendicular. ' e 
The/e three laſt Problems are ea/:ty done by tp" 
Help * a Square. 


» le 


EP PROB. V. 
Fig. 2. Thro a given Point F, to draw a Parallel to a Lief 
| right Line AB. 


Take any Point in the given Line, as X, with ti 
tance X F, deſcribe a Semicircle. Take the Ar ha 
CG equal to the Arch FN. Thro' the Points Ca 
F, draw the Line CF, which will be the Parallel. 


. 

Nigg. 28. J divide an Angle, B A C, into tevo equal Re 0 

Take from the Sides of the Angle two equal Li 
AE and AD; then from the Centers E and D, 4, 
ſcribe two equal Circles, cutting one another in ( 

and draw the Line FA, This biſects the Angle. 
Hence, an Angle may be divided into 4, 8 8, 16. Non 

agua, Angles, vin. by bijetting each Part ag ain. 


1 P RO B. VII. on 
I Fig. 29. At agivea Point B, in aright Line, to make an 4 
£7: wal ta 4 given one A, | = 


7] : 
de twol From the Point A, with any Radius, deſcribe an 
drawnflArch NM, and from the Point B, with the fame 
Radius, deſcribe the Arch FG. Take the Arch FX 
equal to the Arch NM. Then thro' the Points B 
ind X, draw a right Line, the Angle FB X, will be 


X, taſſequal: co the given one A. 


*. nl 4 Proportion is of great Uſe, I have 

ar. . given the following Sketch, = 
UANTITIES ate in Proportion to one 

2 givt another, when the firſt Term contains the 


econd, as often as the third contains the fourth, 
s at Jr when the firſt is as often contained in the ſe- 
g, fronſcond as the third is in the fourth. So 12: 6: 4:2. 
om th{and 3:9: 4: 12 are alike ; becauſe in the former Ex- 
e, draſmple © and 2, are contained twiee in the reſpective 
\ntecedents, and ſo the Proportion of the Antece- 
ents is double to the Conſequents. In the other Ex- 
Ample the Proportions are alio alike, becauſe the Con- 

ſequents 9 and 12, contain their reſpective Antece- 

dents three times, and fo the Proportion of the An- 
ecedents to the Conſequents is ſubtriple. 

See, in ſhort, all the different Ways how like Pro- 
portions may be changed and ordered among them- 
ſelves, ſo that the emerging Proportion on both Sides. 
nay be ſtil] alike. 

Let it be 16:82:42 


raw t 
; by 


* 


a gi 


with tt 
the Ar 
nts Cat 


rale den it WU io. 
ara J, Alternating, 5 1624: 282 


| Inverting 8: 16:: 2: 4 
parti. Compounding 164-8:8:: 4-2: 2 
A Dividing 16—8:8::4—2:2 
16: 16+8: : 4: 4-2 
ther in] Converting 5 16:16—8:4:4—2 
Angle. 1678 :: 8:: 44 2:2 


8, 16. e 5 16 2824:.288:4 221 


ain. 5 
Then 16:4::4 1 
omparing diſ- 2 g. gf, „ 
„ an A orderly is 4: 2&8: 3872 01.5:4 


Fr Then 16 2: 1 2 4 


A Geometrical Conſtruction of Conti- n 
nal Proportion. 


Fig. 52. Is Scheme is compoſed of Iſoceles Trian- Treu. 
gles. Let dxy be a given Triangle: on one 
of its longeſt Sides, d x, make an Iſoceles Triangle | B 


xdn, which is ſimilar to the given one, becauſe the Cer 
Angle, xdn, is common to both: Then on dn] per 
make the Triangle bd n, and on bd make the Tri- is te 
angle bd s, c. E 
4 Therefore, as the longeſt 8 :de of the one, is the 
ſhorteſt Side of the other, and they. are all ſimilar. Hag 
f The Proportion will be, 45 dy: dS; 0x: xn: xy: 
| De: bs:;bi:xt:: wtf; rt 72, Xc. 


Draw an infinite Eine AZ, ſrom which take Acute 
QR equal to F I and IL, and from R draw RB I AB 


4 To 
Hg. 31. To divide a Line A B, 2 9% 4 given Proror. F. 
} ticn, as FT to II. biſec 


i parallel to this draw QC. The Thing is done. H. 
= | WAR 
, PRO B. IX. 
1 Fg. 32. To divide a Line AB in like manner, As another | 
ff ' "'piven one AI is divided in F and C. Upo 
f Let the Line 1 B join the Eatremities of the two 
Lines, draw Parallels to this from tne Points F and Fr 
C. meeting the Line AB, to be cut in L and Q {crib 
The Thing is done. | | fame 
| | | form 
| PRO B. X. CA 
Fg. 33. Two Lines AB, and BC, being given to ind. equil: 
a third Pr portional | 
— Draw A C, and from B A produc'd, take AF 
| equal to BC; through F draw the infinite Line F To n. 
parallel to AC: And let E C be produc'd, till it mee] ana 
x L in L. E as BC ro Cl. | tha 
Let 
PR 0 . of its 


Fig. 34. Three Lines AB, B C, ad AP, being _ to find 
4 4 Proportional. Max 


* 


vo 
nd 


ike 


91 


Make at Pleaſure the Angle FAC, and take gps: 5 
A C the Line AB and B & draw the LineBF; 
which draw C parallel, let AF produced to A L 
meet & Z. AB is to B C, — to FL. 


pR O B. XII. 
Twe Lines A C and CB, being given to find. a Mean Fig. 35. 
Proportional. 

Biſect the compound Line AB in O, and from the 
Center O, deſcribe a Semicircle; from C erect a 
perpendicular meeting the Circumference in F. AC 
is to CF, as CF is to CB. 

Hence all Ti riangles may be turned ints Squares, by 


finding a mean Proportional between the Baſe ani 


Haff the Perpendicalar. 


PRO B. XIII. | 
To cut a right Line AB, in extream and mean Fig. 36. 
Proportion. 


From A erect a Perpendicular AF equal to AB, 
biſect AF in X: draw X B; from FA produced, 
cut off XI equal to X B. The Thing is 2 For 
AB is to AC, as A & to CB. 

Hence all Squares, Parallelograms, and Ti riangles 
may be divided into extream and mean Proportion. 


RN O B. XIV. 
Upon a given Line A B, to make an equilateral Fig. 6. 
Triangle. 


From the Center A, with the Diſtance A B, de- 
{cribe an Arch; and from the Center B, with the 
fame Diſtance, deſcribe another Arch, cutting the 
former in C; from which Point draw the Lines 
CA and CB. The Triangle ABC, will be an 
equilateral one. 


P RO B. XV. 
To make a Triangle of three given Lines A B, CG Fig. 37 
and DF, whereof any two of them muſt be greater 
than the third. 
Let DF, one of the given Lines be taken, and one 


of! its Extremities for the Center, with the — 
0 


6] 
of the other given Line C G, deſcribe an Arch ; from 


the other End of D F, with the Diſtance of the third 
Line AB, deſcribe another Arch cutting the former 


in E; then draw the Lines DE and EF, and they 
will form the Triangle required. 
Hence aTriangle may be made equal te any given one, 


p R O B. XVI. 


Fig. 38. To divide a Triangle ABC, into ary Number of 


2 


—— — — „ 
EN - | Wh e 


| equal Paris, e. g. into five. 
Firſt, Divide the longeſt Side B C into five equal 


Parts, join the fifth Part P to A; divide the longeſt 
of the other two Sides into four equal Parts, join the 


fourth Part G to D; divide the remaining Part D G, 
into three equal Parts; join F to G; divide the Re- 
mainder G C, into two equal Parts, and join E to F. 
The Triangle AB C is divided into five equal Trian- 
gles, viz. AB D, ADG, GDF, GF E, and EF C. 


P R O B. XVII. 


Hg. 39. To divide a Triangle AB C, into anv Number of equal 


Parts, by right Lines drawn from a given Point D 

in one Side, e. g. into three. „ 

Divide the Side A B into three equal Parts in the 
Points E and F, and join CD; draw to it thro' the 


Points of Divifion E and F, the Parallels E G and 
F H, which will give in the Sides AC and BC, the 
Points G and H: thro' which, and the given Point 


D, draw the Lines DG and DH, which will divide 
the Triangle into three equal Parts. 


If the given Point D be in the Middle of the Side 
AB, the Triangle can be divided into ſix equal Parts, 


by dividing each of the two Sides A C and B C inte 
three equal Parts at the Peints L, G, M and H, and 
Joining the Lines DL, DG, DH, DM, e. 


P R O B. XVIII. 


Ng. 40. Zo divide a Triangle into three equal Parts, by Lints 


perpendicular to the Side B C. | 
Draw AD perpendicular to B C from its oppoſite 
Angle, and divide either of its Segments, e. g. BD 
int three equal Parts at E and F; take in BC a mean 
Proportional 


„ Tx 1 

Proportional BG, betwixt BC and BF of the 
Segment. B D, and take BD a mean Proportio- 
nal betwixt BC and + BE of the Segment B D; 
and draw from G and H upon BC the Perpen- 
diculars GJ and H K, which will divide the Triangle 
ABC into three equal Parts. | | 

The Triangle ABC may, in like manner, be divided 


[| into equal Parts by right Lines, making an Angle 


BAD with the Side BC equal to the given one B, 
and having found, as before, G and H, draw, thro” 
theſe Points, the Lines G I and HK parallel to AD. 


PROB. XIX. 


To cut off from the Triangle ABC, a Triangle at B Fig. 41: 


e.gual to a given one B DE. 

Make at the Point D the Angle B DF equal to the 
given Angle ABC, draw E F parallel to BD and 
FB to E D, take BG equal to DF and BH equal 
to B D: draw GH, which will cut off the Triangle 


B GH equal te the given one B DE. 


Quadrilateral' may ve eaſily divided by one who un- 
derftands the Diviſien of Triangles, thi) the Divifion of 
Triangles depends, in ſeveral Caſes, upen the Diviſion 
of Quadrilateral Figures, and principally Trapexia; 
as, when a Triangle is to be divided into more than two 
equal Parts. | | 


| PR OB. XX. | 
To make a ſcalene Triangle AB. C, equal ts a right Fig. 42, 
angled Triangle. 
Draw BD parallel to the Baſe AC, from A erect 
the Perpendicular AD of the ſame Height with the 
Parallel, and draw C D. The Triangle ADC 1s a 
right angled Triangle, and equal to the Triangle 
AB C. | 


75 PR OB AA. -- | 
To make a Scalene Triangle AB C equal to an {ſaceles. Fig. 43 
Draw BD parallel to AC, make AE equal to : 
E C; from E raiſe the Perpendicular E F and draw 


HAF and CF. The Iſoceles Triangle EF C is equal 


to the Scalene AB C. 
: | 10 


| — 
i 1 
P RO B. XXII. 
Fig. 44. To make a Scalene 75 Hogs ABC equal to an equilate: 
ral one. 
Upon A C make an equilateral Triangle AD C; 
upon AD deſeribe a Semicircle AFD, draw BE 
— to AC. From E raiſe the Perpendicular 
EP cutting the Semicircle in F, draw AF upon 
which make the equilateral Triangle AGF, which 
is equal to the ſcalene one. 


Hg. 45. p R O B. XXIII. 22 
8-45 

To find the Center of a given Circle. Div 

Draw a Line BC in the Circle at Pleaſure, which Fen | 

biſect in Q; thro” I, draw the Perpendicular L F, long 


N 


Dr 
BAC 
From 
EH : 
itht. 
nd fi 
n Ar. 


Which biſect in A. A will be the Center. er as 
| enter 
Rg. 46. TTL. that 


T To deſcribe a Circle, whoſe Area- ſhall be double to that Henc 


7 
l of a given one. Og 
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Divide the Circle ABCD into four equal Parts, 
take the Diſtance AB and put it from E to F, and with} 
the Diſtance EF deſcribe a Circle, whoſe Ares will be 4 
double to the Area of the given Circle. | 
Hence, the Area of a Circle may be made e three, From 


four times, &c. bigger than the given ons. - _ 
Fig. 4 PRO B. XXV. _ gent 


75 . To deſcribe a Circle that ſhall paſs thro three Point, 
wot lying in a ſtrait Line, as the Points A, B and C. 
Join the Points B A and BC with right Lines; di- 
vide the Line AB into twe equal Parts, and draw pen 
the Line XY. Alſo divide the Line BC into twoſf® the 
equal Parts, and draw the Line Z V, and at Y theſÞ*r Ar 
Point of Interſection will be the Center of the Circle! Cent: 


which will paſs thro' the Points A, B and C. the 
Hence, any Triangle may be inſcribed ina C ircle, ss the 
biſecting its Legs AB and BC. h to 1 


Hence, one Archof Circle may be perfetted, by drat ch ir on 
ing two Lines AB and BC within the given Arch, au 
biſefling them. 

Hence, the Center of a Circle may be found, by draw 
ing within the Circles two Lines AB and B C, an 
biſeting them. 5 PR © þ 


—— 


rr 
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P-R O B. XXVL 
To make an Oval. "fie: 48. 
. Draw a Line, and thereupon deſcribe a Circle, 

BAC; from C deſcribe another Circle CBD thro' B: 
; From the Point of Interſection E, draw the Lines 
EE H and E G thro! the Centers B and C; from E 
ar Piththe Diſtance E G deſcribe an Arch from G to , 
n nd from the Point F with the ſame Diſtance deſcribe 


In Arch from I to K, and ſo the Oval is finiſhed. 


PRO B. XXVII. 
7 the a right lined Triangle equal to a given Circle. * 49. 
Divide 45 Diameter A B of the given Circle into 
chven equa] Parts; erect a Perpendicular on B thrice 
F, long as the Diameter AB, and a ſeventh Part o- 
er as B C: Draw a right Line from C to D the 
enter of the given Circle, and the Triangle D CB, 
that which was to be done. 
54 Hence the Circumference of a Circle may be known by 
wing the Diameter given. 


t : 
bes P RO B. XXVIII. 
ben a Point C given in the Circumference to draw a Fiz. 46, 


| Tangent X V. 
„From the Center E thro' the given Point C draw 
e Line E Z, ſo that C Z may be equal to E C, bi- 
E Zin C with the Line RS, which will be the 
ngent required. 
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P ROB. XXIX. 
To drato a Spiral Line. Fig. 5e. 
upon a ſtreight Line XV deſcribe an Arch ABC; 
m the Point C with the Diſtance B C deſcribe an- 
er Arch touching the ſame Line in D; from the 
Center A deſcribe another Arch from D that ſhall 
t the Line in E: Return to the Point B, and from 
as the Center with the Diſtance, deſcribe another 
hto F. Take A as the Center, and deſcribe an 
ch from F to G; and ſo on to Infinity. 


e 
To make @ Square A 5 CD. Ng. 11. 
n „„ 
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Upon B raiſe a Were e r BC of the ſame 
Height, with the ſame Diſtance make two Arches 
from A and C, interſecting each other at D and 
join DA and A C by right Lines, which will com- 77 ; 
a6 the Square AB CD. 


3 R XXXI. | ſet 

Fig.51, To make a Square D F, equal to a given Circle. | it u 

Divide the Diameter A B into ſeven equal parts] one 
double the Diameter, and add a ſeventh part of itſe 
to it, as, AC; divide the firſt Diameter AB equally 

in D, and Adds the Line D C equally in E, with Ye 

the Diſtance D E deſcribe an Arch DFC. Upon EB 

raiſe the Perpendicular E F touching the Circle 

this Line E F will be a Side of the Square required. fnit 


p R O B. XXXII. 
Fig. 53. Jo inſcribe in a Circle a Triangle D, having «gia 
Allgles with a given one X. 

Let the Line EF touch the Circle in D, make 
EDG equal to Angle C, and F D H equal to B, an 

join GH. The Thing is done. 
Arigbilliuad Figure is ſaid to be inſcribed in a ; Ci 
cle, when all the angular Points of the Figure touch tf n. 


Circles Periphery. 
| Fr, 
A P ROB. XXXIII. Iculars 
Fig. 54. To inſcribe a Circle in a Triangle. divide 


Biſect the two Angles with the Lines CA and EFdeſeri 
meeting together in A, which will be the Center ¶ Perpe 
the Cake to be inſcribed, will b 


P R O B. XXXIV. 
Fe. 55. To inſcribe a Square in, and circumſcribe one aboit Nl ma 
Circle. 4 giv 
Draw the Diameters B D and CE cutting one Biſe 
other perpendicularly. The Lines joining rallel t 
Terms of theſe, inſcribea.Square in a Circle. Tifſeiven,, 
draw the four Tangents touching the Circle in B, Will be 
D and E meeting together in I, F, Gand H. T 
Figure IFGH i is a 8 circumſcribed about 
Circle, | 22 
P R O 


D 55 N= NE »- 
| 4 8 8 0 rt 5, 
es Rl ©; 
nd RON WED 
m-· 7o make a Square two, three or feur times greater thatt Fig, 56, 
. 


Extend the Side AB, take the Diſtance B D, and 
{et upon the extended Side A B, from B to E, and 


it will be the Side of a Square double to the given 
rts, one AB CP, and ſo on. 


ally -..P*R-O B. XXXVL 
iti Tree or more Squares being given, whoſe Sides are AB, Fig. 57. 
ntl BC and CE, to make one Square equal to them all. 
cle Make a right Angle Triangle F BZ, having inde- 
ed. fnite Sides, and upon the Sides of it tranfer the 
Lines AB and BC, then join AC. The Square of 
A C will be equal to the Squares AB and CB toge- 
gud ther. Then transfer AC from B to X, and CE, 
the third given Side, from B to E, and join E X. 
nal the Square of E X ſhall be equal to the three given 
and Squares AB, BC and C E. 


Ci P R O B. XXXVII. 
5 make a Square equal ts an oblique angled Paralle- Fig. 58. 
logram. 


From the Points A and B let fall the Perpendi- 

Iculars on C D, to AB add BX equal to B F, and 

divide AX equally-i in G, and with the Diſtance A G 

1 E Ndeſcribe a Semicircle ASX. From B erect a 

terYPerpendicular touehing the Semicircle in 8, which 
will be the Side of the Square required, 


P R O B. XXXVIII. 
bout (ſo make a Parallelogram with an Angle itt it equal to Fig. 59. 
a given one O, and equal to a given Triangle ABC. 
ne 1} Biſect the Baſe AB in F, thro' C draw CX pa- 
g rillel to AB, make the Angle B-A-L equal to the 
ThFiven,one O, and draw FI parallel to AL, ALIF 
* ll be the Parallelogram required. 


bout FRO. XXXIX. 
bo inſcribe a Parallelygram in a Circle, who Length Fe 65 
O is to 7 7D Breadth, as five to two. 


C * Divide 


. 
* rr 3 ————— ů ů Ee — 
—_— n * ot ——— . 
7 — 4 


"— 

EI 
„ 

* 2 * 


. 


— — 
2 W” 


—— —— 
- - — * 


; y 
i 
' : 
bi | 
15 g 
4 
\ 


—— . 1 
—. ͤ P 
* 


5 
4 
8. 
l 5 
1 


— 2 
Divide the Diameter XV into five equal Parts; 
ſet of two of them from Y to Z, from X thro' Z 
draw X Z S the Length of the Parallelogram, and 
from S draw the Breadth of the Parallelogram re- 
quired. | | 


| „ 
Fig. 61. To reduce a Square to an equilateral Triangle. 
Upon d z the Side of the Square, take z x at 
pleaſure, and with that Diſtance deſcribe the Arch 
X On, upon x 2 make the equilateral Triangle x o z. 
Set off one half of its perpendicular Altitude from 2 
to y, biſet x yin t, on which deſcribe the Semicir- 
clexmy; mz, is a mean Proportional betwixt x 2, 
the Baſe of the equilateral Triangle x o z, and half 


ual to the equilateral Triangle x o z drawo m, 
parallel to which draw B h till it meet z o produ- 
ced to h, and on 2 h make an equilateral Triangle 
ph z, which will be equal to the given Square. For 
the Triangles z om and z Bh are ſimilar, by Con- 


the mean Proportional zm is te the Side of its cor- 
reſpondent equilateral Triangle x o z, ſo is the mean 
Proportional z B, the Side of the given Square, te 

the Side of the equilateral Triangle p h z, which is 
epual to the given Square. 


 Ziums, Parallelagrams and Triangles may be reduced to 
e e Triangles, or to any right lined Triangle, if 
the Angles are given ſeverally; firſt by reducing them 

to a Square, and then finding 4 Triangle equal to that 
Sguare. | 


P R O B. XLI. 8 
Fg. 62. To make a Square equal to a Triangle whoſe Ang le. 
a | are all known. 1 
Upon the Side CD, make a Triangle Co D, in- 
cluding the Angles of a given Triangle, ſet off half 
its Perpendicular ro from C to p, on D p, e 
” a Semi- 


Hence a Parallelogram may be inſcribed in a Semi. 


circle, whoſe Length is to its Breadth, as five to two, (| 


its Perpendicular z y. The Square of mz is e- 


ſtruction; then, as z m: zo::zB:zh: that is as 


Hence, all regular and irregular Polygons, Trape- 


3 (17 ] 
4 Semicircle D o p, then the Square of C8, 
will be equal to the Area of the Triangle DO ©. 
Draw os, parallel to which from B draw Bn till it 
meet O C produced to n: From n parallel to OD 
draw n t meeting DC produced to t. Set off half 
the Perpendicular nm of the Triangle t nc, from C 


| to L: From m the Center deſcribe a Semicircle. 


The Triangle tn c will be equal to the Square, and 


the Triangles are ſimilar. 


Hence, a Triangle whoſe Area and: Angles are given, 
may be geometrically conſtrued, if a Side of a Square 
be found equal to the given Triangle. 


DV 
Upon a given Line RS, to deſcribe a Polygon like, and 
 » in like manner poſited to a given one, BQ. 
Reſolve the given Polygon BQ into Triangles, 
upon the given Line RS make the Angles Rand O 
equal to the Angles A and B, ( by Problem 7. ) 
the Sides will then meet together m X: Upon XS 
make the Angles V and I equal to the Angles 
T and C: The Sides will then meet together in Z. 
The Thing is done. 1 
Hence, is derived the Metbod of making Maps, or: 
Charts, whether Geographical or Chorographical, or 
thiſe whith Surveyors of Land make; and of framing 
lchnographical Delineations of Fields, Buildings, and 
Conntries: Fir they are only But the Reduction of great 
Figures unto like Figures of a ſmaller Compaſs, and is 
performed by this Problem. 
NOB. XIII. 
Upon a given Line to deſcribe a regular Pentagon. 
Make the given Line A B Radius, and upon each 
End deſcribe a Circle, and thro' the Points X an G of 
Interſection draw the Line GEX. From G, with the 
ſme Radius, deſcribe an Arch HE PD, lay a Ruler to 
the Points D and E, and mark where it croſles the o- 
ther Circle, as F, alfo to to the Points H and E, and- 
mark where it croſſes the other Circle, as C. From 
the Points F and C, with the ſame Radius, deſcribe 
two Arches cutting one another in K, join the Points 
AF, KC, F K, and CB with right Lines, and they 
will form the Pentagon required. C3 PROS. 


Fig. 63; 
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Sent | | rop. 
1. PRO B. XLIV. 45 
f Ag. 65. J deſcribe a regular Pentagon in a Circle. vralle 


Draw the Diameters E D and B F cutting one fil 
another perpendicularly in A. Biſect the Radius Hal t 
AD in C. From the Center C thro' B deſcribe an IE, 
Arch, including the Diameters ED in G. The. fquar, 
Line D G is the Side of a Pentagon, and HG ofa | Hey 


Decagon. . N ther 
Hence a Circle may be divided into five, ten, twen- || Hen 
ty, &c. equal Parts. | | e e. 
f | e Fig 
PROD AXEY.-: in, 6 


Fig. 66. To reduce a Triangle ABC to a Pentagey DEF GC. I tha 
Reduce the Triangle ABC to a Square EXDC, ies. 
with any Diſtance on BC, as Cy, deſcribe the 
Circle kzC, in which make a Triangle ky C, 
and ſet off one half of its Perpendiecular Ly, U; 
from C to T on k T, from 8 deſcribe the Se- || Mal 
micircle ky T. So the Square of n C, will be from t 
equal to the Triangle ky C, driw yn; parallel to This 
which draw xm ti]l it meet BC produced, and TB. 
Im, parallel to k y, then the Triangle Im C, will 
be the Triangle of a Pentagon, and equal to the Tri- % in 
angle ABC; from B let fall the Perpendicular By, | Dra) 
and ſet off the one tenth of By fromC tou; then ro“ 
from kh with the Diſtance Ih, deſcribe the Semi- ÞÞ and 
circle In u. Draw Fi parallel to yn, and F y pa- en c 
rallel to yk; with the Diſtance FC, deſcribe a Cir- P and 
cle C GX, and with the Diſtance q C deſcribe the Flexag 
Pentagon qCOPG, which was to be done. Hen 
Hence, any right lined Figure can be reduced to any ur, 
regular Polygon, and any regular Polygon to any other 
Polygon, or to any right lined Triangle, if the Angles 
are given. | 


Mſegue 
be Ra. 
An 4 
pot 4 


P R O B. XLVI. 
N. b7. To reduce a Pentagon AB CDE, to an irregular 
[= Polygon LED: ral 7 
Reduce the Pentagon ABCD E, to the Square , 4 
GE. Draw a Polygon abcodE ſimilar to that re- 4» e 
quired, and reduce it to a Square, (by * I. 11. Je, 4) 4 
25 S | - Prop. 
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Þrop. 14) of which make N E one Side, draw NO 


d H e parallel to it. Draw e P, cM, Mh, ht 


arallel to od, oc, e b, ba. So the Polygon t hm e PEt, 


ill be equal to the Square G E, which is e- 
nal to the Pentagon, for it is as NE: HE: : OE: 
E, (by Euclid. J. vi. Prop 4.) (by Prop. 19.) as the 
quare ef NE: HE: :oE:e E. : 
Hence, one irregular Polygon can be reduced to an- 
ther irregular one. ge | | 
Hence alſo, all right lined Figures can be divided 
to extream and mean Proportion; for if any Side of 
be Figure be divided into extream and mean Propor- 
jon, and on each Segment be drawn a Polygon ſimilar - 
that given, theſe Polygons will be directly as their 
ides. | | 


. P ROB. XLVII. 
Upon a given Line to raiſe a regular Hexagon. Eig. 68 
Make on B C an equilateral Triangle CAB; _ 
rom the Center A thro' B and C, deſcribe a Circle. 
This will contain a Hexagon upon the given Line 
PRO B. XLVIII. 3 
To inſcribe a regular Hexazon in a given Circle. Fig. 69. 
Draw the Diameter FAB; from the Center B, 
hro' A deſcribe a Circle cutting the given one in 
and D; alſo from F thro' A, a Circle cutting the 
ven one in E and G. The fix Points B, C, E, F, 
and D, joined by right Lines, will give the 
exagon required. = 
Hence, a Circle can be divided into twelve, twenty- 
ur, forty-eight, &c. equal Parts. | 
The Side of an Hexagon injcribed in a Circle, or 
Chord of faxty Degrees, is equal to the Radius, and 
mſequently the Sign of thirty Degrees is equal to half 
be Radius. 
An Angle of a regular Hexagon is four thirds of a 
3% Angle, as conſiſting of two Angles of an equila- 
ral Triangle, each , which makes two thirds of a 
ight Angle. | 
An equilateral Triangle is eaſily inſcribed in a Cir- 
„ by arawing the Diameter FB, and deſtribing from 
| 3M the 


[ 20 ] . 
the Center B thro' A the Arch CAD. The Pein A 
CF D joined with right Lines, zoill give the Tri 


angle ſought. 
n RON. XLIX. 
To inſcribe a regular Quindecagon in a Circle. 
Fig. 70. Inſcribe in the Circle AC the Side of a Pentagon 
and AD the Side of an equilateral Triangle, biſed 
the Arch CD im E, CE is the Side of the Quin 
dexagon ſought. 
For if the Circumference be ſuppoſed to be fifteen 
the Arch A C will be three, and the Arch AD five 
therefore the Arch CD two, and conſequently CH D. 
ene. XB. 
Hence innumerable regular Figures may be inſcribÞÞic(cr 
in Circle; for if AC, and AD the Sides of the twlSee i 
regular Figures be inſcribed ina Circle, the Diferen the £ 
of the Arches CD, wil! contain ſo many Sides of find 
new regular Figure as the Units, are whereby thdrant 
Denominators of the former differ one from anothenſit fro 
But the Denominators of the new Figure is had, if thilfthe t! 
Den:minators of the former be multiplied one by attcontai 
other. As, if AD te the Side of a Square, and A 
of a Decagon, the Difference of the Denominators i | 
fin. Therefore the Arch C D contains fix Sides of H ma 
new Figure. But the new Figure is of forty Sia 
For the Denominators 4 and 10, multiplied the on Upe 
by the ether make 40. dquare 
| | rs of 


„ id H, 
Fig. 70. Jo inſcribe regular Figures 7, 9, 11, 13, 17 S:4flines, 
&c. in a Circle. © 
Divide the whole Circumference, 9g. 360, b 
"the Denominator of the Polygon to be inſcribed] © ; 
e. g. a nineſided Figure. Make at the Center th Mak: 
Angle AK G of ſo many Degrees as there alſiped, 
Units in the Quotient, which will be 40; AMhe Par 
will be the Side of the nine angled Figure requi 
red to be inſcribed in the Circle. 


0 make 

P R OB. LL 3 

Ng. 70. Upon a given right Line any regular Figure whatesl oy gon 
. 7 F ug be feribed . the following Table, de it 


21 1 


int} A right Angle is to the Angle of the Figure. 


Tri. Difference 
[A Pentagon . ſ 6—1 
An Hexagon 3 | 4 —1 
| ** . 196.1 1 | 7 10—3 
zon n Octagon - 2 21 1 
fe In ng A Nonagon e 8 7 9 eto \ 14—5 
uin A Decagon | | 5 | | 8 —3 
An Undecagon 11 18—7 
een LA Duodecagon} 1 3J UL 5—2 
five 


CH Deſcribe a regular Heptagon on the given Line 
XB. From the Center X, with the Diſtance XB, 
ibeſdeſcribe a Circle, from which cut the Quadrant BO. 
twSee in the Table the Proportion of a right Angle to 
rencſthe Angle of an Heptagon, which will be as 7 to 10, 
Ind the Difference 3. Therefore divide the Qua- 
drant into 7 equal Arches, ſo many of which add to 
it from O to N as the Difference has Units. Thro' 
the three Points B, X and N deſeribe a Circle; this 
anſcontains an Heptagon on the given _ * XB. 


rs i P-R-O B. LIL. 
of We make 42 C lader equal to a Parallelepiped of the Fig. 16, 
ide Same Heigbt. & 15, 


Upon the Baſe of the Cylinder CBA D make a 
square AB CD, upon which raiſe four Perpendicu- 
rs of the Height of the Cylinder AB, as E, F, G 
nd H, and join EF, E H, EG and GH by right 
ines, which will make the Parallelepiped required. 


P R 0 B. LIII. 

To make a Parallelepiped equal to a C „Hader. Hg. 15. 
Make a Circle equal to the Baſe of the Parallele- & 16, 
ped, and raiſe this Circle to the ſame Height with 
e Parallelepiped, and the Work is dane: - 


| P R © B. LIV. 
nate a Cone equal to a Pyramid of the ſame Height. Fig. 18, 
Make a Triangle, Square, Pentagon or any other & 17, 
o1ygon equal to the Vaſe of the Cone CBD, and 
ale it the Baſe of the Pyramid, as, AB CP; 2 | 

rom 


2608 


F# 22-3 
from the Middle of the Baſe F, a Perpendicular FE 
of the ſame Height with the Cone BA, then draw 
from AB CD Lines to the Point E, and the Pyra. Make 
mid is made. N then 


FROM ]³?́d':è 

Fig. 17, To make a Pyramid equal to a Cone. 

& 18. Make a Circle equal to the Baſe of the Pyramid | Ma 
raiſe upon its Center a Perpendicular B A of the ſamel make 
Height with the Cylinder, and join the Extremities 
of the Diameter CD ti] ny meet at the 'Top of the 


Perpendicular A, and the Cone will be finiſhed. 
| | | | M: 
„ great 
Fig. 16, To make a Priſm or Cylinder equal to a Pyramid or ſthis B 
>: | TP Cone of the ſame Height. AB 


Make the Baſe of the Cylinder three times aslto the 
much as it is; upon its Center ratie a Perpendicular 
of the ſame Height with the Cylinder, and join the] 
Extremities with the Top of the Perpendicular, and} 
the Pyramid will be made. 8 


In like Manner a Cylinder or Priſm may be changed Pa 


inte 4 Cone. equal 
p ROB. LVII. „ 
To make a Pyramid or Cone equal to a Priſm or 
Cylinder. 1 


Reduce the Baſe of the Pyramid or Cone to one 
third of the Baſe of the Priſm or Cylinder, and on 
that Baſe erect a Pyramid or Cone of the ſame 
Height with the Priſm or Cylinder given. 


FR © $. III. 
To make a Cube equal to a Parallelepiped. 

If the Baſe of the Parallelepiped be a Square, find 
a mean Proportional between its Height and one 
Side of the Baſe; this mean Proportional, will be 
the Meaſure of the Cube required. If the Bale be 
a Parallelogram, make it equal to a Square ; then go 
on as at firſt till the Work is finiſhed, 


*» of 
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FE P R OB. LIX. 

raw To make a Cube equal to a given. Cylinder: 

ra. Make a Parallelepiped equal te the given Cylinder. 
then make a Cube equal to a Parallelepiped. 


ROB. LX. 
To make a Cube equal to 4 given one. 
nd, Make a Parallelepiped equal to a given Cone, then 
mefſmake a Cube equal to that Parallelepipid. 
ties | : 


the PRO B. LXI. 


To-make a Cone egual to a Globe. Fg. 20. 


Make a Circle four times bigger than one of the 
great Circles of the given Globe, raiſe a Cone upon 
{ or ſthis Baſe of the ſame Height with the Semidiameter 
AB of the Globe. The Cone C DE will be equal 
as to the Globe A B D. 


tar : 
—_— OS." I. 
anc To make a Cube equal to a given Globe. 


Make a Cone equal to the given Globe, then make 
gedy; Parallelepiped equal to this Cone, and a Cube 
equal to this Parallelepiped. 


One 
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| Fig. 2 


Plain Tr160NOMETRY. 
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Sten 0 

Of the Definitions and Afﬀettions of T1 riangles | 

and of Conſtructing the Canon of Natura 

and Artificial SINES, TANGENTS an 
SECANTS, 


Dx FINITIONS. 


LAIN TaicConoMETELY: 1 
the Art whereby, from any thre@ 
given Parts of a plain Triangle, w 
find all the reſt. 

Thus, e. g. from two Sides A} 
and A C, and an Angle B, we fin 
by T RIGONOMETRY, the othe 
oy les B and C with the third Side B C. 

4 Chord of an Arch or Angle, is a right Line AB 
dividing the whole Circle into two parts, and ſub 
tends both Segments. 

Hence, the greateſt Chord that can be drawn in 
Circle, is the Diameter. | 

Hence alſo, all the C the Dia Arches greater than 
anni are leſs than the Diameter. 
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A right Sine AD, of the Arch AE or AI, is 
Jone half of the Chord AB of the double Arch A EB 


or AIB. 


Hence, the Sine AD is perpendicular to the Radius 


IEC, conſequently, all Sines flanding upon the ſame 
Radins arc parallel between themſelves. 

A whele Sine, is the Radius HC, or the Sine of 
Ihe Quadrant HE. 

A verſed Sine, is that Part of the Radius E D, or 
DFI, intercepted betwixt the right Sine AD, and 
the Arch AE or AL. 


Hence, the greateſ# verſed Sine is the Diameter EI. | 


g Since that theArch AE is the Meaſure of the Angle 
CE, and AI is the Meaſure of its contiguous Angle 


C= but the Quadrant HE is the Meaſure of a right 


nole; AD will alſs be the right Sine, and E D the 
erſed Size of the Angles ACE and ACTI; but the 
hole Sine is the Sine of a right Angle. 


Therefore two Angles, which are adjacent, have the 


ame Sine. Likewiſe, ovtuſe Angles have the ſame Sines, 
phich their Complements have to two right ones. 


ght Angles to the Diameter EI, and limited by 
C, called the Secant of the fame Arch. 

FE is alſo the Tangent, and F C the Serant of the 
nzle ACE, and alſo of the Angle ACT. 
Therefore two adjacent Angles have the ſame Tan- 
nt and Secant. _ 

The Coſine, is the Sine A G, the Cotangent F H 
the Tangent, and the Coſecant FC is the Secant 
the Arch A H, which is the Complement of the 
er Arch AE to a Quadrant. 

B72 Complement of an Arch, or Angle, is what it 
mts of a Quadrant, a Semicircle, or of a whole Cir- 
. Thus 20 Degrees is the Complement of 70 Degrees 
Quadrant; becauſe 20 Degrees is the Rema adit of 
Degrees ſubtracted from go Degrees: Alſo, 50 De- 


es, is the Complement of 130 to 180 Degrees, and 


the Complement of 290 te 360 Degrees. 
he Radius CA, with the Sine A D and Coſine 


, make a Triangle C A 1 ſimilar to the Trian- | 


gle 


A Tangent of an Arch AE is a right Line, EF 
puching the Circumference of the Circle, and is at - 
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gle CFE made by the Radius CE, Tangent E F 
and Secant CF. Likewiſe, the Radius, Cotangent | 


and Cofecant make another Triangle ſimilar to the 
two former. | 

Hence, as the Coſine is to the Sine, ſo is the Ra- 
dius to the Tangent. That is, as CD: AD:: 
. 


As the Radius is to the Sine, ſo is the Secant to 


the Tangent. That is, as CA: AD: : CF: F E. 
As the Sine is to the Radius, ſo is the Radius to the 
Coſecant. That is, as DA: CA:: HC: CF. 
As the Tangent is to the Radius, ſo is the Radius 
to the Cotangent. That is, as FE: EC:: CH: 
FH. | 
Therefore the Rectangle, between the Tangent and Co- 
tangent of any Arch, is equal to the Square of the 
dins. | 
When a Triangle is given to be reſolv'd, firſt, we are 
to conſider, that there is in the Table of Logarithms, 
Sines, Tangents, and Secants, a Triangle exactly ſi- 
milar and equal to that which is to be ſolved, and 
whoſe Sides are to one another in the ſame Propor- 
tion of thoſe of the Triangles propoſed. _ 
Next, we muſt underſtand whatever Ratio one 
Side of the given Triangle has to the other Side 
about the fame Angle, conſidered as Lengths eſti 
mated or numbered by any known Meaſure : As ſup- 
poſe, Inches, Yards. Miles, Cc. the very fame has 
the two Sides about the ſame Angle, in the Triangles 
in the Tables, or in the tabul:ir Parts; which two 
Things, well underſiood, will lead us into the whole 
Myſtery of Trigonometrical Calculations. | 
In eftimating the Quantity of Sines, &c. we aſjunt 
Radius for Unity; and determine the Quantity of Sint 
Tangents and Secants in Fraftions thereof. From Pto 
tomy's Almageft, we learn, that the Antients dividt 
the Radins into 60 Parts, which they called Degree: 
and thence determined the Chords in Minutes, Second 
and Thirds; that is, in ſexageſimal Fraftions of Il 
Radius, which they likewiſe w_ in reſolving Trial 
gles. The Sines, or half Chords, were firſt uſed by tl 
Saracens. Regiomontanus, fir, with the 3 
divial 


Fi 
is its 
ceedi 


Arc 


* 


F (27] 
at divided the Radius into fixty Degrees, and determined 
ie the Sines of ſeveral Degrees in decimal Fractions there- 
of. But he afterwards found it would be more commo- 
a- | gdions to aſſume Radius for ene; and thus introduced the 
*: | preſent Method into Trigonometry. In common Tables 
| of Sines and Tangents, the Radius is ſuppoſed to be di- 
to | 27ded into 10, ooo, ooo Parts, beyond which we never go in 
„ | aetermining the Quautity of Sines and Tangents. Hence, 
he F us the Sine of a Hexagon ſubtends the jixth Part of a 
Circle, and is equal to the Radias, the Sine of 30 De- 
as F grees is 5,000,000. 


20- Ee | 

%% TRIGONOMETRICAL PROBLEMS. 

are : P R 0 B. 9 3 1 1 
wif The Sine AD bring given, to find the Cofine, or Fig.2. Ii 
fi- | Sine Complement, AG. = | 5 
and | | 

or- | ECAUSE that E C, the Sine of the ſame 


Arch E H, is perpendicular to HC and AG; 
one] the Sine of the Arch AH is perpendicular to the 
zicel fame HC; AG will be parallel to DC, and the 
„Angle AG Ca right Angle, and ſo A G C will be a 
right angled Triangle. Wherefore, ſeeing A D and 
H C are Perpendicular to EC; GC will be equal to 
AD. If therefore from the Square of the Radius 
A C be ſubtracted the Square of the Sine AD, or 
GC, the Remainder will be the Square of the Coſine 
AG. Whence if the {quare Root be extracted, it will 
give the Coſine A G, e. g. Let A C be 10,000,000, 
AD 5,000,000, A G will be 8, 660, 254, the Sine of 

bo Degrees. 


p ROB. II. | 
The Sine AD of the Arch AE being giuen, to fnd the Fig. 2. 
ine of half that Arch. 
Find the Chord of the Arch AE ; for half of this 
is its Sine. Thus, e. g. D G and AD, as in the pre- 
ceeding Problem ; we ſhall find the Sine of half the 
Arch AE, or the Sine of 15 Degrees — 190. 
D 2 PROB.- 


Fig. 3. 
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„ 0 QB. 20 1 
The Sine DG of tbe Arch DF being given, to find 
| the Sine DE. the gubl. Arch DB. 

Since the Angles at and G are right Angles, and 
the Angle B is common to both Triangles, BCG 
and DEB; BC:CG::BD:DF. Wherefore 
C G being found by the fecona Problem, and BD 


deing double of DG; DE is found by the Rule of . 


Proportion. 
Aexce, CB: 2CG:+BD: 2 DE, ba, the 


Radius is aorble to the Coſine of one half of the Arch 


DB, as the Subtenſe of the Arch DB is to the Subtenſe 
of double the Arch. Alſo, as CB: 20 G:: [2 BG: 
2 DE:: IBG: DE:: 20 B: CG. Wherefore, the 


Sine of any Arch, and the Sine of its Double being gi- 
ven, the Cojine of the Arco itjeif is given. 82855 


| P-R-O B. : 
The Sener FG and DE of the Arches FA and D A, 
woejſe Difference DF 1s mot greater than 45 Mi. 
nuten, being given, to find any intermediate Sine, 
es IL. _ 
To the Difference FD of the Arches, whoſe 
Sines are given; the Difference of the Arch IF, 
whoſe Sine is required, and the Difference of the 


given Sines D H, find a fourth Proportional: This 


added to the leſs given Sine FG, the Aggregate 


will be the Sine required. 


S 7 
The Sines BD and E F of the two Arches AB and AF, 


being given, to find the Sine BF of the Arch of half if 


the Difference. | 
Subtract the leſſer Sine BD from the greater E F, 
and the Remainder will be FK. From the given 


Sines BD and E F find the Coſines BI and FH, 
by Problem I, ſubtract the leſſer Coſine FH from 


the greater BI, the Difference will be BK. Ex- 


tract the ſquare Root from the Sum of the Diffe- 
rence of the Squares, the Remainder will be B F, the 
half of which is the Sine ſought. 

„ PR O B. 
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alf Ve Sine of one Minute or CO, FG being given, 


[ 29] 

FERAOS VS: — 

: To find the Sine of 45 Degrees. Fig. 2, 
Let HI be a Quadrant of the Circle, then will 
EI be a right Angle; conſequently the Triangle, 
ectangular: Therefo.e HI = HC'+CI= HC*5 
herefore, fince H C the whole Sine, is 10,000,0005 
from 2 HC“ ſquared 200,000,000,000,000, be 
itrated, the ſquare Root 14,142,136, the Chord 
| will be the Remainder, whoſe half 7,071,008, 
he Sine of 45 Degrees required. | 


THEOREM VE. 

1 ſmall Arches, the Sines and Tangents of the ſame Fig. g. 
Arches are nearly to ene another, in a Ratio of 
Equality. | | 
The Triangles CE D and CBG being equiangu- 

ir, CE: CB:: ED: BG; but as the Point E ap- 

roaches B, EB will vaniſh in reſpect of the Arch 

BD. Whence CE will become nearly equal to CB. 
ind ſo E D will alſo be nearly equal to BG. If 

E B be leſs than the g ge Part of the Radi- 


| 10 0@0 6080 
us, then the Difference between the Sine and the- 
angent will allo be leſs than the eee Part 
f the Tangent. „ 

Since any Arch is leſs than the Tangent, and greater 
ban its Sine, and the Sine and Tangent of a very ſmall 
irch are nearly equal, it follows, that the Arch will be: 
rearly equal to its Sine; and jo in very ſmall Arches it 
will be, as Arch is to Arch, jo is Sine to Sine: 


PROB. VIII. 


yon 70 Fig. 44 
find the Sin. of oh r more Seconds MN. 

Since the Arches AM and AF are very ſmall, 
MF may be taken for a right Line, without an 
ſenſible Error in the Decimal Fractions of the Radius, 
Whesein the Sine is expreſſed; that is, the Arches 
M and AF, may be taken proportional to their 

hords. Wherefore, ſince MN is parallel to FG; 
\F:FG::AM:MN. Therefore AF, F G and: 
AM being given, M N 1s eaſily had. | 

— DS N ROE 


Fig. 2. 


301 


P R O B. IX. „lte 
To find the Sine of the Arch of one Minute, I non 


The Subtenſe of 60 Degrees is equal to the Radius, 


fo the half of the Radius will be the Sine of the Arc 

of zo Degrees. Wherefore, the Sine of the Arch off 
30 Degrees being given, the Sine of the Arch of 15 T 
Degrees may be found, (by Prob. II.) and fo on tilfeont 
twelve Biſections being made, we come to an Archl der, 
of 527, 44*, 03*, 455, whoſe Coſine is nearly e. Nun 
qual to the Radius, in which Caſe the Arches are fore 
proportional to their Sines: And fo, as the Arch{1.44 
522, 44, 037, 45, is to an Arch of one Minute, 1.94 
fo ſhall the Sine before found be to the Sine of onefſſumr 
Minute; and when the Sine of one Minute is found, ſthe 
then the Sine and Cofine of two Minutes will be had. "2g 
56 er 
PROM 3 --: Deci 
The Sine AD of the Arch A E being given, to find thiſ to w 
Tangent E F, and the Secant F C of the ſame Arch. fs a 
Becauſe the Sine AD and Tangent EF argthe P 
perpendicular to the Radius EC, AD will be parallelſz th. 
to EF: Wherefore, as the Coſine DC is to theſſthe c 
Sine AD, ſo is the whole Sine to the Tangent EFI TI 
Alſo, as the Coſine DC is to the whole Sine AC, fofiLoga 


s the whole Sine E C to the Secant CF. On 
| | the 

PROBE. XL F 

To conſiruct a Canon of Sines. So th 


The Sines of 30% 15%, 45 and 36% (which wgſtwee: 
have already ſnewn how to find) being had, we canſÞor t! 
thence conſtruct a Canon of all the Sines to ever Colur 
Minute, or even a Second For from the Sine qt the 
36%, we find thoſe of 18% 9, 4% Zo and 2*1;ſgure 
(by: Prob. II.) the Sines of 54%, 72*, 81%, 85Ftere 


20 and 8745, Sc. (by Prob. I.) Again, for thqppe pre 


Sire of 45 find the Sire 2230, 1115, 5.737 
From the Sines of 30 and the Sines of 54 find thepropo 
Sine of 12%. From the Sine of 129, find the Sineſfhe pr 
of 6, 3% 1930, 45 78%, c. From the Sin nit. 
of 15% find the Sine of 7 30 30% 45”, Cc. tiffhat B 
you have 120 Sines ſueceeding each other orderly A RC. 

| a 0 


1 

an Interval of 45 Minutes. Between theſe find the 
intermediate Sines (by Prob. V.) Thus will the Ca- 
non be compleat. | 


.rc PR O B. XIE. 

1 of To find the Logarithm of any given Number. 
The firſt Page of the annexed Tables Logarithms 
| tilf contains all the natural Numbers in their proper Or- 
rchl der, from 1 to 100. And againſt every one of theſe 


ye. Numbers is placed its Logarithm, with its Index be- 


areÞ fore it. —Fhus againſt the Number 28, its Log. is 
urch 1.447158; and againſt the Number 89, its Log. is 
ute 1.949390 : And ſo on for the reft. In the firſt Co- 


onefſſumn of all the following Pages, under Num. 


ind [the natural Numbers proceed in their due Order, 
ad. from 100 to 1000. And in the next Column, un- 
der o, againſt every one of theſe Numbers, is the 
Decimal Part of its Logarithm, without any Index; 
to which its proper Index muſt be prefixed, accord- 


areſthe Number 856, under o, is 932474; to which if 
2 the Index of 856 be pretixed, it will be 2.932472, 

the compleat Logarithm of 856. | 
The other five Columns of each Page contain the 
Logarithms of all Numbers, from 1000 to 10000. 
Irnoſe in the Left-hand Pages are diſtinguiſhed on 
the Top of the Columns with the Figures o. 1. 2.3.4, 
and thoſe in the Right hand Pages with 5.6.7. 8.9. 
So that to find the Logarithm of any Number be- 
Fiween 1,000 and 10,000, as ſuppoſe of 5,468 ſeek 
Wor the three firit Figures, gz. 546, in the firſt 
Column under Naz. and for the laſt Figure, viz. 8 
Wt the Top. Then in the Column under the laſt Fi- 
„ih ure 8, and over-againit the three firit Figures 546, 
$;Phere is 737829; to which if 3, the Index of 5,468, 
r the prefixed, the compleat Logarithin thereof will be 
S 737829: and ſo for any other Logarithm of any 
| theropoſed Number, not exceeding 10,000. But if 
Sineic propoſed Number be above 10,000, which is the 
Sin Limits of the annexed Table, then the Logarithm of 
tilzhat Number muſt be found, by the Help of rhe 
rly NMonmon Difference of the Logarithms, which is the 


ing as the natural Number uſed requires, e. g. againſt 


: 
; 
1 
1 
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zuhhlt Column of every Page under Diff. Thus: Find 
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1 

Find the Logariebms of the firſt four Figures of the L T 
given Number, without its Index, as above; and mul- Fl 
tiply the common Difference which ſtands againſt the P 
Logarithm, under Diff. with the other Fig es of the Pithn 
gives Number, caſting off ſo many Figures of that Pro. take 
duct as there are in the Multiplicator ; then add the re- P- * 
maining Figures of that Product to the Logarithm of Hure 
the firft four Figures, and to their Sum prefix the pro- the « 
per Index; and you will have the compleat Logarithm er 
required. | Ek 1 
Suppoſe it were required to ſind the Logarithm 
of 698,476. Firft, the Logarithm of 6, 984 is found 
in the Table, as above, to be 844,104, and againſt 
it, under Di. is 62. This 62 being multiplied with 


76, the other two Figures of the given Number, To 
produces 4,712. Cut off 12, pig. the two laſt Fi- per W 
gures, and then add 47 to the Logarithm laſt found, [5900 
and the Sum will be 844,151; to which prefixing ,Ff-*<E 
the proper Index of the given Number 698,476, it "aw; 
will be 5.844151, the Logarithm required. a 
PRO B. XIII. 10 

To find the Number to any given Logarithm. 152 


Omit the Index of the given Logarithm, and they as 


ſeek it in the Table of Logarithms, and if exacth F 
found there, then the Number in the firſt Column 5 
under Num. with that on the Top over Logarithm, 2 
will be the Number required. But if the given Lo- 
garithm, without its Index, cannot be exactly found 
im the Table, then the proper Number agreeing to 
that Logarithm may be found by the Help of the 
common Difference of Logarithms: Thus: | 
From the given Logarithm ſubtract the next lef5, ani 
to the Remainaer annex Cyphers; then diviae it by th 


ents, a 
ruct io 
proj 
etry, 


common Difference found againſ# the next Logarithn actica 


under Diff. and the Duotient, will be a Number thi "Ok 
mil be annexed to the Number already found againſt th | 42 
* mext leſs Logarithm, according as the Index of eb“, 
given Logarithm denotes: . 40 & 
Suppole, 5. 660279 were a given Logarithm, and "than 

it were required to find the natural Number anſwer bord 
ing it. | TT | 4 


. 

ze The Number ſought muſt conſiſt of 6 Places of 
„ Figures in whole Numbers, as appears by its Index 
%:; which being omitted, ſeek in the Table of Loga- 
5e Fithms for 660279; but not finding it exactly there, 
79. Take the next leſs to it, 7/z. 660201 ſtanding under 
ve. B, and againſt 547 : Therefore, the firſt four Fi- 
mz of the Number ſought muſt be 4,572, and 
„ the common Difference found againſt 660201, un- 


5 Then for the Logarithm 660279 
wad Subtract the next leſs, viz. 660201 


Remains -{ 

To which annex two Cyphers, becauſe there is 
Fi. Vet wanting two Places of Figures, and it will be 
nd. PS oo, which being divided by the common Diffe- 

„„ Fence 95, the Quotient will be 82, which mult be 
S f nnexed to 4,573, and the Sum will be 457,382, the 
Number anſwering to the given Logarithm 5. 660279. 

Thus the Logarithm of any given Number may be 

ally found altho' it exceeds the Limits of the Table 

y 1,203 Places of Figures, and alſo the Number 
greeing to any given Logarithm, without the Help 
If ſuch a Table of proportional Parts, as is uſually 
Pferted along with the Table of Logarithms for 
hat Purpoſe. | | 


ROB. XIV. 5 
Having given a ſhort Deſcription of Sines, Tan- 
ents, Sc. we ſhall here ſhew the Geometrical Con- 
ruction of thoſe and other Scales commonly uſed 
projecting the Sphere in Plano and in Trigono- 
try, Navigation, Dialling, and other Parts of 
tactical Mathematicks, as they are deduced from a 


Irele. | | 
Upon a Sheet of fine Paſte-board, or ſuch like Fig. 6. 
Matter, deſcribe a Circle ABD C with any Radius, 
leh croſs at right Angles with the Diameters AB 
d CD; then continue AD to G, and upon the 
dint B raiſe BF perpendicular to CB. Draw the 
hord AB, and divide the Quadrant AB into 9 baron 
EE arts, 


and 
wer 


Thy 


| [ 34 ] | th 
Parts, ſetting the Figures 10, 20, 30, Cc. to gend { 
each of which 9 Parts again ſubdivide into 10 equ ine 
Parts, and then the Quadrant will be divided in 
go Degrees. Set one Foot of the Compaſſes in th de « 
Point A, transfer the ſaid Diviſions to the Chofhant 
Line AB, and ſet thereto the Figures 10, 20,30, Ama! 
and the Line of Chords A B will be divided. art 
To project the Sines, divide the Arch BD intflrts, 
90 Degrees; from each of which Degrees, let 
erpendiculars on the Semidiameter E B, which pe /” 
ndiculars will divide K B into a Line of Sines, t 
which ſet the Numbers 10, 20, &c. _ 
To project the Line of Tangent, from the Cent le de 
E, and thro' every Diviſion of the Arch BD, dra me 
the right Lines cutting BF, which will divide it in. 
to a Line of Tangents, ſet thereto the Numbeſſo D. 
©, 20, Kr.. | | eſcr1] 
To project the Line of Secants, transſer the Ving 
ſtances E 10, E 20, &c. From the Tangent LinſÞe at 
upon the Line E G, and ſet thereto the Numbeſſulr . 
10, 20, &c, The Line EG will be divided info De 
Line of Secants. _ 5 nd t! 
To project the Semitangents, draw. Lines from een 
Point C thro? every Degree of the Quadrant Af Ch 
page's will divide the $emidiameter AE into Ex“ 
Linedof Semitangents; but becauſe the Semitioint 
gents On Scales run to 160 Degrees, continue ti{fles, 
Line AE, and draw Lines from the Point C th C; 
the Degrees of the Quadrant CA, cutting AE, fen 
you will have the Line of Semitangents to 160 DÞ"gle 
grees, Tc. | To: 
To project the Nhumbsline, from every eighth egre 
of the Quadrant AC, ſet one Foot of the Compal Ng on 
in A, deſcribe an Arch cutting the Chord AC, while th 
will divide AC into a Line of whole Rhumbs. e Cl 
To project the Line of Longitude, draw H D eqiÞty of 
and parallel to the Radius CE, which divide i The 
to 60 equal Parts, every 10 of which numbFhicall 
New from every one of theſe Parts let fall Perpenf] The 
eulars to CE, cutting the Arch CD; and haviſſÞſed i 
drawn the Chord C D, with one Foot of the Circle. 
paſſes in D, transfer the Diſtances from D to eiPphere 
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ine of Longitude will be divided. 


ant no Deſcription: And on the other Side is a De- 
mal or Diagonal Scale, on which an Inch, or ſome 
art thereof, as 2 or 4 is divided into 100 equal 
arts, by Diagonals. 


Ythe Uſes of the Chords, Sines and Tangents, &c. 
| | upon the Rule 

| The Chords are to lay off the Quantity of an An- 
dente defired upon a given Point in a right Line, and 
T meaſure the Quantity of an Angle already laid 
own. The firſt is done, by taking the Extent of 
0 Degrees of Chords between the Compaſſes, and 
eſeribing an Arch about the angular Point ; then 
ying off the Number of Degrees propoſed upon 
he ſaid Arch, and drawing a right Line from the an- 
mbeſular Point. And the latter, by making an Arch of 
d ingo Degrees of Chords about the angular Points, 


nd then taking the Chord of the ſaid Arch, be 


m veer the Compaſſes, and meaturing it on the Line 
Chords. | 

Example, To make an Angle of 30 Degrees on the 
Point A. Take 6o Degrees of Chords in the Com- 
aſſes, and ſetting one Foot in A deſcribe the Arch 


th C; then take off 30 Degrees from the Chords, lay 
2, alen off from D to C, and draw the Line AC. The 
zo Dingle CAB will be 30 Degrees. 


Degrees of Chords, between the Compaſſes, and caſt- 


ke the Diſtance from C to D, which, meaſured on 

he Chords, will reach to 30 Degrees, the Quan- 
ity of the Angle ſought. 

he Sines are to project the Sphere orthogra- 

ically, &c. 


2. ſed in finding the Centers and Poles of projected 
» Cai ircles in the Stereographical Projection, of the 
to en here, Se. 'The 


To meaſure an Angle, ſuppoſe CAB. Take 6o 
ng one Foot in A, deſcribe the Arch CD; then 


The Tangents, Half-Tangents and Secants, are 


the Points in the Arch CD on the Chord CD, 
Ind ſet thereto the Numbers 10, 20, Oc. and the 


Theſe are all the Lines commonly put upon one 
ide of the Plain Scale, except equal Parts, which 


Fig. 75 


Eg. 8. 


Fig. g. 
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The Rhumbs, are to lay down the Angles of 
Ship's Way in Navigation. | 


And the Line of Longitude determines, by In. 
ſpection, how many Miles there are in a Degree 
of Longitude, in each ſeveral Latitude : As, in 
the Latitude of no Degrees, that is, under the 
Equator, 60 Miles make a Degree; in the Latitude 
of 40 Degrees, 46 Miles make a Degree; in the La. 
titude of 60 Degrees, 30 Miles make a Degree; in 
the Latitude of 80 Degrees, 10 Miles make a De- 
gree. I | 

Having thus laid the Foundation, we ſhall next 
ſhew the Reſolution of all right lined Triangles 
in as plain and familiar Method as poſſible. 


— 


Of reſolving TRIANGLES. 


| THEOREM-T. | 
N any right angled Triangle, if either of the 
Legs be made Radius, the other Leg will be 
the Tangent of its oppoſite Angle, e g. If AD 
be made Radius, BD will be Tangent of the Arch 
d DBA D; and if BD be made Radius, AD 
will be Tangent of the Angle B. But if the Hypo- 
thenuſe A B be made Radius, the Legs BD and DA 
will be the Sines of their oppoſite Angles A and B. 


THEOREM II. 
The Sides of every right-lined Triangle are in Pro 


portion to one another, as the Sines of their oppoſitt 


Angle. 

In the Triangle ABC make AF=BC, and let 
fall the Perpendiculars from F and B to the Side 
AC, deſcribe the Arches HB and FI. Then BD 


will be the Sine of the Angle at C, and FE the Sine 


of the Angle at A, and the Triangles ABD and 
AF E are ſimilar. 
or as AB: B D:: AF: FE, and AF being equal 

„ to 


Therefore AF: AB:: FE: BD, 


to! 
wil 


ele 
of 
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of t B C, and the two Perpendiculars being Sines, it 
will be, as the Side BC: Side BA:: Sine of the An- 

Inf gle A: Sine of the Angle C; as the Side AB: Sine 

Free of the Angle C:: Side BC: Sine of the Angle A. 


the THEOREM III. 


dude fs the Sum of the Legs about an Angle, is to their Dif- Eg. 10, 


La ference; ſo is the Tangent of half the Sum of the op- 
in poſite Angles, to the Tangent of half their Diffe- 
De. rence. N ED 
Produce, in the Triangle CF D, the Side FD, 
1extf and make BF=CF; then BD will be the Sum of 
glesff the Legs, and G D half the Sum; if you take from 
which the Leg FD, the Remainder G Fg the Dif- 
ference of the Legs; draw CB, and biſect it in A, 
Ind draw AF, which will be perpendicular to it, 
and the Angle CAF the Angle BFA, (by Prop. 8. 
Euclid, 1. 1.) but the Angle CFB = the Angle 
FCD the Angle D: (by Prop. 32. Zuclid. I. 1.) 
Therefore the Angle CFA = z the Sum of the 
Angles FCD D; draw AG, which will 
be parallel to CD, becauſe the Sides CB and 
the IB D are biſected in A and G; then draw E F pa- 
| beffrallel to C D, which will be parallel to AG; the 
\ DNBAngle CF E the Alternate Angle F CD, the leſſer 
rch Angle of the Triangle, becauſe the Angle CFB 
A Dflthe Angles C+D and EF B the Angle D, take 
from both the Angle D, then C FF = the Angle C, 
D A which taken from the Angle CFA the Sum of the 
> Foppoſite Angles, leaves E F Ag Z the Difference of 
the oppoſite Angles. Now make AF Radius of a 
Circle, then E A is the Tangent of half the Diffe- 
pro- ſence, and A C the Tangent of half the Sum of the 
ofite eppofite Angles: and the Triangles B A G, BEF 
ind BCD are ſimilar, (by Prop. 2. Eaclid. I. b.) and 
let Nonſequently the Sides are proportional. Therefore, 
Side eb: BA:AC 
BG: GF:: BA: AE 
herefore, As GD, half the Sum of the Sides, is 
o GF half their Difference; ſo is AC, the Tan- 


d 
85. gent of half the Sum of the oppoſite Angles, to AE 
qual le Tangent of half their — 
| | But 


Fl] 
But the Wholes are as their Halves: Thetefore Th 
the Sum of the Sides is to their Difference, as the * 
"Tangent of half the Sum of the oppoſite Angles, is Wy 
to the Tangent of half their Difference. 5 F 


THEOREM Iv. 5 
ig. 11. In any Triangle whatſoever, as A CB, the Square 9.7, 
of the Side AB opprſite to an atute Angle C, is ex. % 

cee by the Squares of the other Sides, A C and c 
CB 5y the Rectangle BCF twice taken ; which'Reft 6% 

angle is contained under B C, one of the Si tet cim. % If 
Prebending the atute Augle C and the Line E C, in-fl,”, 
rercepted between the Perpendicular A F, let fall upon 5 8 

the Side BC from its oppoſite Angle A, and the acute, 

Angle C. | : 

The Square of BC = 2 ReQtargles BF C and 


F CTB. And ACE CF7-FA (by Prop. 47. 
Euclid. I. 1) Wherefore, B CA C2 BF C4 8 

B FL 2 FC AF. But 2 BF C2 F C=2BCF.Wher: 
Therefore this being ſubſtituted for them 3 Ci 


A C=2BCF +BFAF - But AEB FAB 
(by Prop. 47. Euclid. l. 1) Therefore this being th 
ſubſtituted for them, B C A C=2BCF+ABÞ,,, . 


That is, BC AC exceed AB by 2B CF. o is 


$744 
end; 


t 
The Theorem is true, although the Perpendicu 
lar fall without the Triangle. And the Demonſtra 


tion is almoſt the ſame. For AC=BA + CB: 0 XY 
2CBF. Add on both Sides, CB, then AC4 
CB=AB+CB-2CBF=AB+2BCF. 


Fig.12. 


is Rac 
From this Theorem, and the 47th Prop. Fuclid J. * ol 
we have the Meaſure of any Triangle whatſoever, whi 
three Sides are known, although the Area be altogethn, the 
inacceſſible. For by the Help of theſe Theorems the Pt , 
pendicular is known, althingh the Tmpediments of th 
Place ſhould not alls us to mark it out, But = 
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Tel Yat ube Perpendicular, multiplied by half. the Side an 
he which it falls, produces the Area of the Triangle. 


Let. there be any Triangle, as ABC, baving its Fig.11, 
Sedes known. It is required, to find the Perpendicu- or 12. 
lar AF falling frem the Anzle A upen the oppeſite 
Side B.C. Jade the Square of the Side A B, oppoſite 
*. % the acute Angle C, out of the Sum of the Squares © 
aA C aB C: By the laſt Theorem, the Remainder 
4. ball be the Rectangle B CEF twice taken. Divide 
alf of the Remainder, that is, the Reftangle BCF 
FN rhe known Side BC; thence will ariſe the right. 
line CF. Take the Square of the Line CF, out of 
cle the Square of AC: The Remainder: will give the 

Beware of AF, whoſe ſquare Root tuiil give the Per- 
and... 1;:u/ar A Eh: | | 


„ CASE L | : 
CF. Ne 2209 acute Augles B and C, andthe Baſe BA, be- Fig. 12. 
2 ing given, to find the Perpendicular CA. | 


C= | 
ABI . By making the Hypothenuſe BC Radius. 
ems the Sine of the Angle C at the #2 
: | b Perpendicular 56% 15” | 8 99198464 
AB Ito the Baſe AB 121.394 2.084199 2 
do is the Sine of the Angle B at 3 
NG eee F 97447399 
dic] ers 
"\tra |  11.8289382 
5 e the Perpendicular AC 81.113 1.9090918 : 
C 3 . | 
| 2. By making the Baſe AB Radius. e 
is Radius AB 45 | 10:0000000 >. 
to the Baſe BA 121.394 = 2.084199 
d * o is the Fangent of the Angle B 33245 9.8248920 
2 2 — — 
7 o the Perpendicular A C 81.113 1. 9090918 
L . GT: | 


E 2. 2. By 


| [40] 1 
Ng. 14. 3. By making the Perpendicular AC Radius. |} 'T 


As the Tangent B A of the Angle C ; p 

at the Perpendicular 5605 n th 

Is to the Radius AC 45 10 0000000 þ in 
So is the Baſe AB 121.394 2.03821992 || Pe 

| — —_—_—{ 

To the Perpendicular AC 81.113 1. 90909181 

| | Le 


In ͤ making the Proportions for finding the Sides I {uc 
or Angles of a plain Triangle, it muſt be obſerved, || anc 
that every Side of a plain Triangle has two Names, | rit] 
and that each Side has one of thoſe Names fixed, 7:2. | anc 

the Hypotbenuſe, the Perpendicular and Baſe. The bei 
other Names are precarious according to the S:de ] the 
made Radius, ang are called the Words on the ſeve- ber 
ral Sides: Thus, when the Hypothenuſe is made the 
Radius, then the Word or the Hypothenuſe is Ra- I 
dius, and the Word en the Baſe is the Sine of its op- mo 
poſite Angle; as alſo, the Word on the Perpendicu- of 
lar is the Sine of its oppoſite Angle; but when the mc: 
Perpendicular is made Radius, then the Word on the war 
Baſe is the Tangent of its oppofite Angle, and the 99 
Word on the Hypothenuſe is the Secant of the ſame I the 
Angle; and when the Baſe is made Radius, then the thre 
Word on the Perpendicular is the Tangent of its op- {all 
poſite Angle, and the Word on the Hypothenuſe 5} 2. 
the Secant of that Angle. Theſe Things being ob- way 
ſerved, the Way to form a Proportion to find the the 
Side of a Triangle, is thus : | the { 
| Firſt, Suppoſe one Side of a Triangle to be made rm. 
Radius, and obſerve, as above, the Word on the ſe- Pro 


veral Sides, the Proportion will be, 334 
As the Ward on the Side given, in th 

1s to the given Side; Anſv 

So is the Word on the Side required, Com 

Jo the Side required. geats 


Thus we ſee that what is ſought muſt always ſtand 
in the fourth or laſt Place, and therefore, ſince the 
Perpendicular is ſought, that muſt be the laſt of the 
four Terms; place it then with the Point of Inter- 
rogation after it to ſhew it is required. | 
In the Rule of Proportion, the ſecond and hy moſt 
ES | -— Tic 
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Tenn Jong always of the fame Nature, and the 


perpendicular being a Length ſought, and the Baſe | 
the only Length given, the Baſe therefore muſt De 
in the ſecond Place, and is to be wrote with four 
Points after it thus : : to ſhew that the Proportion 
disjoins there. : 
Again, we are here to obſerve, that the Nature of 
Logarithms, or their Proportion to one another, is 
5 4 that Addition ſerves inſtead of Multiplicatian, 
and Suhtraction for Diviſion; therefore the Loga- 
rithms of the two laſt Terms being added together, 
and from the Sum, the Logaritkm of the firſt Term 
being ſubtracted, the Remainder 1.9999918 will be 
the Ke of the fourth Term, and the Num- 
ber anſwering to that Logarithm is 81.113, Which ig 
the Perpendicular A © required. A 
But where Radius is nat in Proportion, it may be 
more readily done by Addition only; for, if inſtead 
of the firit Term you let its arithmetical Comple- 
ment, that is, to write down what each Figure 
wants of 9; thus the arithmetical Complement of 
99198464, the firſt Term is 0.0801536, which is 
the ſame as ſubtracting it from 10, then add all the 
three Terms together, the Sum, abating the Radius, 
ſhall anſwer the Quęſtion | | 5 
2. To da the ſame by Scale and Compaſſęs. Al- 
ways extend the Compaſies from the firſt Term to 
the Term that is of tne ſame Kind, whether it be 
the ſecond or third, that Extent will reach from the 
remaining Term to the Anſwer. Thus, in the firf 
Proportion, extend the Compaſſes from 59*15 to 
23%*45 in the Line of Sines; that Extent will reach 
in the Line of Numbers from 121.39 to 81 11 the 
Aniwer. In the ſecond Proportion, extend the 
Compaſſes from 45* to 33*45 in the Line of Tan- 
geats; that Extent will reach from 121.39 to 81.13 
in the Line of Numbers. In ſome Caſes it may bę 
needful to uſe Croſs- work, that is, to extend from 
the firſt Term in the Line of Sines to the ſecond in 
the Line of Numbers, or from the firſt Term in 
Tangents to the ſecond in Numbers, G&c but in 
wolt Caſes it is better to work by the Directions 


E z | above, 


12 ; 


| above, except when, the Extent is too large for the 
Compaſſes. 


3. By the Sliding Rule. Suppoſe, the Line of 


Sines on the Rule to be marked with SS, and the 


Line of Sines on the Slider with 8. Then the 


firſt Proportion will be thus wrought. Set 33* 45" 


on 8 to org on SS; then againſt 121.390 on A, 
is $1.11 on B. (A fignifies the double Line of 
Numbers upon the Rule, and B the double Num- 


ber on the Slider). The ſecond Proportion may be 


thus wrought : Set 33*45 in the Tangents to Ra- 
dius; then * 121.39 on A, is 81.11 on B. Or, 
if the Slider be ſs turned as the Tangents and double 
Numbers may ſlide one by another, then the Radius 
may be ſet, viz. 45* of Tangents to 121.39 in the 


Line of Numbers; then ag inſt 3 in Tangents 


F | 34 . 
18 81.11 in the Line of Numbers. The third Pro- 


Fig. 15. 


Arch DE, 


portion may be wrovght as this laſt. 

4. To do the ſame geometrically. Draw the Baſe 
BA, and from a Diagonal Scale, or Scale of equal 
Parts, take with the Compaſſes 121.39, and ſet 
from B to A, and upon A raiſe a Perpendicular ; 
then take 60 Degrees from the Line of Chords with 
the Compaſſes, and ſet one Foot in B, deſcribe the 
and from the ſame Line of Chords 
3345 and ſet from D to E; and draw the Line 


C till it cut the Perpendicular in C: Then if you 


N 12 


As the Sine of the Angle C 56*15' 99198467 

Is to the Baſe B A 121.394 2 0841992 

Zo is the Radius 90® 10.0000000 
2.1643528 


The coe acute Angles B aud C, and the 


meaſure A C by the ſame Scale you took EA from, 
you will find it 81.11; and if you meaſure B C, you 
will find it 146. The next Cafe will be fo reſolved. 
E EE 
B :fe B A Le- 
ing given, to find the Hypothengſe B C. | 
1. By making the Hypothenuſe B C Radius. 


To the Hypothenuſe BC 146 
Hoe | 2, By 


1 
2. By making the Baſe AB Radius. 


Radius BA . *  10.0000000 Fig. 13. 


to the Baſe BA 121.394 2.084992 
o is the Secant of the Angle B 33045 10.080536 


— — 


o the Hypothenuſe B C 146 21643528 
3. By making the Perpendicular A C Radius. 


the Tangent of the Angle C 56015 | 9.82 48926 Fl. 14. 


Arith. Compl. 


to the Baſe BA. 121.394 2.084 1992 
> is the Secant of the Angle C 10.2552610 
o the Hypothenuſe BC 146 2.16435 28 


By Scale and Compaſſes. 
To work the firſt Proportion extend the Compaſſes 
om the Sine of 56*15 to go*, which Extent. 
ill reach from 121.39. to 146 in the Line of Num- 
ers. 


Ry the Sliding Rule. 

Set 56*15 upon 8 to 90? upon 88, then againſt: 
21.30 upon B, is 146 upon A. But if you turn the 
lider, ſo as the Sines and double Numbers may ſtide” 
ne by another, you may ſet 56115 of Sines to, 
21. 39 in the Line of Numbers: Then againſt go? 
f Sines you will have 146 in the Line of Numbers, 
ad will find 33* 45 of Sines to be againſt 81. 11 of 

umbers., So that:you may obſerve, if 90. of Sines 
e ſet to the longeſt Side or Hypothenuſe, you will 
ind every Angle againtt its oppoſite Side, | 


CASE III. 


Tao acute Angles B and C, and the Hypothrnuſe B C Fig: 12. 


being given, te find the Daje B A. 
1. By making the Hypothenule BC Radius. 
Radius 90 | 10.0000 000. 
to the Hypothenuſe BC 146 2.1643528 


Pois the Sine of the Angle C555“ 9.9198464. 


Lo the Baſe BA 121. 394. 2.084992 | 
1 _—_ 


—— 


[ 44 ] 
5 2. By making the Baſo B A Radius. 
Fig. 13. As the Secant of the Angle B 33 45 10.0801 525 A: 


Is to the Hypothenuſe BC 146 2.1643 5230 1s 
So la the Radius 90 | 19.0000 oo 90 
Te the Baſe BA 121.394 2.441992 T. 


3. By making the Perpendicular AC Radius | W 
Fig. 14. As the Secant of the Angle C 56. 
Arith Comp. 9747395 
Is te the Hypothenuſe B C 146 2.164352838 ] 
Se is the Tangent of the Angle C 5615 10.175 10% fro 
Ex 


— — 


Te the Baſe B A 121.394 2 0841994] x21 
ö 1 


By Scale and Compaſſes. | Ex. 
To work the firſt Proportion, extend the Com.] gen 
paſſes from 90 to 56® 15 in the ines, which Ex. 
tent will reach from 146 to 121.394 in the Line o I 
Numbers. | Peet 
By the Sliding Rule. Tar 
Set 56* 15 upon 8 to 90? upon 85; then again bers 
146 upon A, is 121.394 upon B. _ 
By Geametrical Protraftiog. 11 
Fiz 15. Draw the Line EC, and from the Scale of equa 
Parts take 146, and ſet from B to C. with 60 De- | 
grees of Chords deſcribe the Arch DE, and ſet 56 De 
15 from E to D, and draw CA, and from B draw 
BA perpendicular to AC; then when AB is meaſusd 1. 


the Scal:, it will be ſound to contain 121.39. As t 
| Is to 
| © AS E IV. 80 i 
Hg. 13. The Baſe B A and the Perpenaicalar CA being givth, 
to find the teus acute Angies B and C. To t 
1. By making the Buie B A Radius. Whe 
As the Baſe BA 121.394 2.084 1992 
Is to the Radius 45 10 ©000000 
So is the Perpendicular AC81.113 1.909091} As th 
: | | — 1s to 
To the Tangent AC of the * 5 80 is 
8248920 


To tl 


— 


Whole Complement is 56? I5 the Angle C. 


2. 


[ 45 ] 
2. By making the Perpendicular A C Laden 


As the Perpendicular A C 81.113 


| Is to Radius 45% 15' 10.0000000 
$0 is the Baſe 121.394. 2.0841992 
To the Tangent of the Angle 10.1751074 


3 
Whoſe Complement is 33* 45 the Angle B. 


By Scale and Compaſſes. 

To work the firſt Proportion, extend the Compaſſes 
from 121.394 to 81.113 in the Line of Numbers, that 
Extent will reach from 45 to 33 45' in the Tan- 
gents. For the ſecond Proportion, extend from 
18 113 to 121.394 in the Line of Numbers, that 
Extent will reach from 45? to 56 15 in the Tan- 


By the Sliding Raule. 1 
Let the Tangents and Numbers ſlide together, hw 
ſet 121.394 in the Line of Numbers to 45* of 
Tangents, and againſt 81.113 in the Line of Num- 
bers is 33* 45 and its Complement 56˙ 15 in the 
Line of Tangents. 
This Cale” is done mn, as the ſixth. 


SA. 


21 L 


| gents. 


The Baſe BA and the Hypothenuſe B C being given, Pig! 12. 


10 find the two acute Angles B and C. 
1. By making the Hypothenuſe B C Radius. 


As the — BC 146 2.1643528 
Is to the Radius 90*® 10.0000000 
So is the Baſe B A 121.394. 2.084 1991 
To the Sine a the Angle C 56*15' 9.9198463 


Whoſe Complement 33* 45 is the Angle B. 


2. By making the Baſe Radius. 

il As the Baſe BA 121.394. 2.0841992 
Is to the Radius 90 10. 000 
So is Hypothenuſe 146 2.164328 
To the Secant of the Angle B 33* 45 10.0301 536 


#y 


1.9090918 Fig. 14. 


[ 46 ] 
By Srale and Compaſſes, 
For the firſt, extend the Compaſſes from 0 te 
121. 394 in the Line of Numbers, which will reach 
from 90 to 56 15 in the Sines. 


By, the. Sliding Rule. 
Set 146 upon A to 121.394 upon B, then and 
Radius on * 8, is 56% 15 on.S. 


By Gre Protraction. 

Draw the Baſe B A, and from a Scale ofr equal 
Parts take 12 1 304. and ſet from B to A, and upon A 
raiſe the Perpendicular AC; then from the fame 
Scale of equal Parts take 146, and ſet one Foot of? 

the Compaſſes in B with the other croſs A C in E, 
and draw BC. Then with 60% of Chords deſcribe 
the Arch DE, and meaſure D E with the Compa fles. 


Fig. 1s. 


Du tie Line of Chords, which will be 330 45 the 


Meaſure of the Ang B, whole Complement is the 
An Slo * : 
CASE VL 
Fg. 16. The Baſe B A and the Perpendicular © & ring * 
to find the Kypotbenuſe-B © - 
In this, and the next Caſe, we are firſt to find 
the acute Angle, and from thence the third Side. 


The Perpendicular AC be ing maſs. Radios. 


As the Pe icular CA 81.113 1. 9090918 
Is to the Baſe BA 121. 394 2.084199 
So is the Radius 45 10 0000000 
To the Tangent of the Angle C5 f 15, 2.1043528 


2. The Hypothenuſe RC being made Radius. 


As the Sine of the Angle C 56* 15 9. 9198404 
Is to the Baſe BA 12x. 394 2.0841999 
80 is the Radius 90 FO.0000000 
To the Hypothenuſe 146 HE 2.1643 529 


By 


to. 


ach 


inſt 


[47 ] 
B!) Scale and Compaſpees. 

Extend the Compaſſes from 81.113 to 121 39 
in the Line of Numbers, that Extent will reach 
from 45 to 56915” in the Sine of Tangents ;* then 
extend from 5615 to gos in the Sines, that Extent - 
will reach from 121.394 to 146. 


| Zy the Sliding Rule 

Set 81.113 in the Line of Numbers to 45 in 
the Tangents ; then againſt 121. 39 in the Num- 
bers is 5615“ in tie 'Pangents ; then ſet 56® ß on 
8 to 90* on SSz. then againſt 121.39 on B is 
{46 on A: 

By Geometrical Protraction. 

Draw the Line BA, and from a Scale of equal 

Parts take 121.394 in the Compaſſes, and ſet from- 


Fig.15. 


B to A, and upon A ere& the Perpendicular A - 


| fand from the ſame Scale take 81.113, and ſet from * 


to C; then draw the Hypothenuſe BC, take B Cin 
ke Compaſſes, and on the Scale it will be found 
146. Then with 60 of Chords deſcribe the Arch 
DE, meaſure DE with the Compalles on the Line 
of Chords, which will be 33* 45 the Meaſure of 
the Angle B, whoſe Complement is the Angle C. 


CASE. VII. 


The Baſe BA, and the Hypotheniſe being given, to Fig. 12, 


find the Perpendicular AC. 
1. The Hypothenuſe B C being made Radius. 


As the Hypotheauſe BC 146 2. 1643528 
Is to the Radius 90% 10.0000000 
d0 is the Baſe BA 121. 394 2 0841992 
To the Sine of the Angle C 56 · 18 | g. 9198464 


Whole Complement Is the Angle B 33 0 45 
2. The Hypothenuſe B C being made Radius. 


As Radius 9o Io. ooooooo 
Is to the Hypothenuſe BC 146 2. 1643528 

Jo is the Sine of the Angle B 339 45' 9.7447390 
1. 9090918 


To the Perpendicular A C 81.113 5 
5 Sj 


[48] 


By Scale and C ompaſſes. | 

"Wa the firſt Operation, extend the Compaſie 
from 146.to 121.394 in the Line of Numbers, that}. 
Extent will reach from go“ to 56 15 in the Sines. 
Then for the ſecond Operation, extend the Com. 
paſſes from 90“ to 33 45 in the Sines, that Ex. 
tent will reach from ys to 81. veg in the Line of 
Numbers. | 


X By the Sliding Rule. 

For the firſt, fet 146 on A to121.394 on B, then] 5 
againſt 90 en SS there will be found 56 15 on 81 
Then for the ſecond, ſet 90“ on SS to 335 45 of. 
"op ___= 146 on A, is 81. 13 on B. | — 


HE By Geometrical Protraction. 
Fig , 115. "Draw the Line A B, and from the Scale take 
121.394. which ſet from B to A, and upon A rail — 
the Perpendicular AC, then from the Scale tale] g 
146, and ſet one Foot of the Compaſſes B, croſs 
the Perpendicular in C, and meaſure AC on theff | — 
Scale, which will be 81113. 


The Seven Caſes of Plain Triangles. 


Right Angled. 


r 
\ 
| Caſes.” Siren Required. 


1 
: 


r 


AB * 
and A 
B 
AB | | 
and BO 
3 

BC | 

and BA 
B | 
AB B 
and and 
AC | © 
B B 
and and 
AC C 
"AB-; 

ank e 
„ 
AB Rs 
and AC 


_ Proportions. 
1. $5C:BA:: $B; KC. - 
2. R: BA:: B: 40 
3. tC:BA:: R: AC: 
tO BA: N 
2. R: B A: seB: BSE. 
3. t C: BA :s ee: BC | 
RE R BC: :8C: „ 
2. seB: BC: : R : B A | 
35 SCC:: B O: 3 B A 3 
BA: N 


whoſe Complement 1 is C. 
2. CA: K: 


"BA: IC 
whoſe Complement is B. N 


To es 
:2:. BAM: 


whole Complement i is B 


whoſe Complement is C 


: BA sC- 


BE: 


"6 BC- Kb: 


LL SAAB ATER 
Then again, 
„ BA: 0-1 BC. 


"nk Complement is B 
Then again, 


7 T. 


:BA:sC 


2. R: B32. 


3 | 


9 EC T4 


CC OE ———ñͤ—— ! ͤͤ532 ö Ss 8 


— og — A — 


ae 


UI] 


$x e . III. 
Of u Oblique Angled. TR1- 
ANGLES, 
CASE I. 


Fig. 15.The * CAB 62 30 and CBA 37 30' and 
. the Side AC 350 Feet being given, to find the other 
two Sides CB and AB. 
As the Sine of the Angle CBA 


37* 30 Arith. Compl. 1 2155529 
Is to the Side AC 350 | 2.5440680 
So is the Sine of the Angle CAB 6230 9.9479289 
To the Side B C 509.976. 2.700 5498 
For the Side AB. = 
As the Sine of the Angle C BA DRE, 
37 30 Arith. Comp. ade 5 ae 
Is to the Side AC 350 2.5440680 
30 is the Sine of the Angle A * B 80· 9.9933515 
To the Side AB 566.203 2.7529724. | 


The Parts required i in the ſeven Caſes of oblique 
Trigonometry, may be found with the Scale 
and Compaſſes by extending the Compaſſes from 
the firſt Term of the Proportion, to the ſecond, and 
the fame Extent will reach from the third Term to 
the fourth required. Alſo the Parts required, may 
be found by the Sliding Rule, by ſetting the firit 


Term, the fourth Term may be found. 


„ 8 E II. 

Fg. 17. The two Sides AC 350 and CB 509976, and th 
Angle CAB 62“ 30 oppoſite to one of the given 

Sides, CB being given, te find the Angle CB A 72 

poſite io the other Side A C. 


As 


Term againſt the ſecond, then oppeſite to the third 


EE wad MN" Pw 


[ 57 ] | 
- As the Side BC 509.976 Arith. Comp. 7.292450Z 
Ts to the Sine of the Angle A 62“ 30 9.9479289 
So is the Side AC 350 2. 5440680 


I-f| To the Sine of the Angle B 37% 30 9.7844471 


Or, if the two Sides AB and B C and the An- 
gle oppoſite to the Side B C had been given, and the 

od Angle C had been required; then, 
As the Side B C 509.976 Arith. Comp. 7. 2924502 


ver Is to the Sine of the Angle A 62 30 9. 9479289 
So is the Side AB 566.203 2. 7529724 

29 5 | | —— — — 
80 To the Sine of the Angle C80, 9.99335 15 
39 CASE III. 

o e Side AB 566 203, the Side A © 350, and the Fig. 1. 
9 Angle A 62 30 comprebended between the Sides 

= AB ard AC being given, to find the Angles A CB 

and ABC. 
29 AB = 566.203 180 
80 AY SIE Subt. 62 30' 
15 Sum 916.203 Rem. 117 30 Sum of the An 
2 — — — ales B and C. 
24 3 | __ 
Diff. 216.203 58 45 = half the Sum. 

„„ Accor e 
As 916 203 the Sum of the Sides 
_ Arith. 2 7.035003z 
nd 1 0 216 203 the Difference of the Sides 2.3348617 
to So is the T angent 530 45 half the £0458 
nay Sum of the oppoitte Angles. c 10.2169438 


firſt „„ 
To the Tangent 21 15 half the 


Diff of the an Angles, 9.5898138 
(by Theor. 3. Lect. 11.) 


the [if 21 15' be added to 58* 45 "the Sum will be 830 
the Angle ACB; and if 2115 be ſubtracted from 
oþ- 582 45', the Remainder will be 37* 30 the An- 
gde le AB C. 


. CASE 


52 J 


CAS E IV. 


Hg. 17. The Side AB 566.203, the Side BC 509.976 and the 


Angle B 37 3o' comprebended between the Sides 


AC. 
The Side AB 566.203 180 00 
The Side BC 509.976 37 30 
The Sum | 106.770 142" 30 
Difference 36.22) N by 


As 1076.179 the Sum of the — 
Arith. Compl. | 
Is to the Difterence 56.227 1.7499449 
So is the Tangent of half the Sum 2 | 
of the oppoſite Angles. > 16.4992187 


To the Tangent 8* 45' half 5 0 
| Difference of the oppoſite An- | 
_ gles, (by Ther. 3. Sec. II.) 


Tf 8* 45 be added to 7115 the Sum will be 


380 the greater Angle C, and being {ſubtracted the 


Remainder 62* zo the lefler Angle A. Then, 


As the Sine of the Angle A 62 30' 

Arith. Compl. cited boo? Ae 
Is to the Side B C 509.976 * 2.7075498 
So is the Sine of the Angle B 37 30 9.7844471 


To the Side AC 350, which is re- 


quired, (by Ca/e I, Se. III.) $ a 3440900 


CASEY 


Fg. 18. The three Sides AB 213.5, AC 103.5, andBC 
B 


250.2 of an oblique Triangle A 


C being given to 
find the three Angles. | 


As 


AB ani AC being given, to find the third Side | 5 


6.9681 154 


9.1871790 


the 


at 3 
7 A, F 


90 


31 


As the greateſt Side CB 250.2 8 1 
Arith. Compl. 7.80171 
Ts to the Sum of the other two ? | 
Sides AB and A C 321. 0 2.50650 50 
$9 is the Difference BE 106 of K 
the two Sides AB and AC. e 


To the Difference BF 135.995 "3 443285556 


the Segments of the Baſe. 


„hien Difference 135.995, ſubtracted from B C 
59.2 the greateſt Side, leaves FC 114.205, the 
IF u hereof is GC 57. 1025 the leſſer Segment; 
100 ich if ſubtracted from B C 250.2, the Remainder 
b O will be 193.0975, the greater Segment of the 
Baſe. Thus the. ob! que Triangle is reduced into 


two right angled Trian gles, viz, AB G and AGC 


both right ingled at G, in esch of which there is 
given the Hypothe naſe and _ So the Angles 


may be found by (Caſe V. Of ri7ht angled plain Tri- 


ges; ) thus: 


As the Hypothenuſe A B 213. 


g A hs 5 23293979 
1810 the Radius | T'O.0CO0000 
So is the Baſe BG 193.0975 2.2857762 
To the Sine of the Angle d) 3 
BAG 64* 44% & 9.9303733 


The Complement of B AG is ABG 259 15'g' 


Bain, in the Tri angle AG. 


As the Hypothenuſe AC 107.5 2 031408 5 
s to the Radius | 10.0000000 
So is the Baſe GC 57.1025 1.75665 5 2 


To the Sine of the Angle © 
GAC32*5' 8" 9.7252467 
The Complement of GAC is AC G 575452 i 


This Caſe is demonſtrated from the fourth Theorem 
ef Sect. II. 


F 3 SECT: 


T; e 


The Five C aſes of oblique angled 


Caſes. Given, Required. 


þ 


8 


CIT RI 


AB 


A, Band C 


F — — 


EY m gi the 


r 


firft Caſe; 


be found. 


BC:ABLAC:: 
B F. 8 B C— 
FC and LFCis CG Fs 


- 2 ¶ũꝶ—z——— ˙»ßÜßsIdVs K LDN SL re ain ad "I 


Proportions. 
8 B. AC 48 
A: 8 B 


= ß˙ 32] — — —— — 


0 PT CA: e: 

ts the Dif Ftence, 
| ) added to 1 
which 5 Dif. ti ELF, am the 


— —— 2 — — — 


| Find the e A and B by 
the laſt Caſe; then, by the 
the Side AB will. 


AB - - AC: 
BF =: 


a. . . 


_ _ Toe * Senae”, - => + — wa — va edi0icth REC 7 2 x2 


[55-1 
Seer: I. 


07 Trigoometrical PROBLEMS, 


PRO. I. 

Jo meaſure an acceſſible Altitude. 

EA repreſent a Tower, Steeple, &c. whoſe 
Height is required? 

Firſt, with the Quadrant, or other Inſtrument, 
find the Quantity of the Angle C, which ſappoſe to 
be 529 O 30, then meaſure the Diſtance AC; which 
ſuppoſe to be 85 F et; then by Caſe I. of plain Tri- 


angles: 


As the Sine of the Angle CBA 37030 


Arith. Compl. : i 

Is to the Baſe AC 85 Feet 1.929419 

So is the Sine of the Angle C5230 9 899466 

To the Altitude AB 110.8 2.044438 
: Or thus, | 

As Radius 10 oooooo 

Is to the Baſe AC 8 1.929419 


So is the Tangent of the Angle C5230 10. 115019 


To the Altitude 110.8 2860 


Note, That in this, and all Jach Caſes, you muſ# 


add the Height of your Eye, or Instrument to the Al- 
ritude before found. | 


PRO., II. 

Jo meaſure an inacceſſible Altitude. 

Let AB be a Church Steeple, z000/e Height is re- 
Tired; but by reaſun of a River, or ſome other OZ/ta- 


(le, you cannot come to the Foot of it at A. 


Firſt, Take, with the Quadrant at C, the Angle 


of Altitude, which, ſuppole to be 269 30'; then 


meaſure in a right Line towards the Steeple to D, 
which ſuppoſe to be 75Feet, and at : again obſerve 

the Angle of Altitude, which, let be 51* 30. 
Now, the two viſual Lines CB and DB, and the 
meaſured 


* 


[ 50 ] 
meaſured Diſtance C D form the oblique angled Tri- 
angle CBD, wherein are given all the Angles, and 
the Side CD, the Angle BCD being 26“ 3o' and 
the Complement of ADB 51 30 to 180 is the ob- 


tuſe Angle BDC 1285 30, and conſequently, . the 


third Angle CBD is 25. But this Angle may be Ii 
more readily found by {ubtrating BCD from A DB -3 


(by Euclid. I. 1. Prop. 32.) Then, by Caſe I. OF 


_ angled plain Triangles, find the Side BD; 
— 


As the Sine of the Angle CBD 25930 0.374052 


Is to the Diſtance of CD 75 | 1.87 5067 
So is the Sine of the Angle C 26 30 g. 049527 
To the viſual Line B D 79.19 1.898640 
Then by Caſe I. OHHrighit angled plain Triangles, 
As Radius | 10 000090 
Is to BD 79.1 1.989640 
So is the Sine of the Angle AD B 51% 32' 2 893544 
To the Altitude AB 61. 97. I 729184 
PRO b. III. 


To ey the Heigh t of a Steeple, Tower, &c. fland- 


ing upon 4 Hill. 
Firſt, Find the Angle CAB 44 and the Angle 


EAB 26*; then meaſure in a ſtreight Line towards 


the Steeple from A to D 134 Feet: Then again at 
D, find the Angle C DB 67* 50, and the Angle 
EDB 51. By Cale 1. Of obligue plain Triangles, 
find the viſual Line CD in the Triangle A CD, 
wherein are given the Angles DA Cand ACDand 
the Side AD; Thus: 


As the Sine of the Angle ACD 23* c1'..-3-393536 
Is to the meaſured Diſtance A D 134 2.127105 
So 1s the Sine of the Angle CAD44* 9.841771 


To the Side CD 230.4 2 4: $2412 


A gain, 


2 


[89] 


Then, as Radius o. ooo 
Is to the Side C D 230.4 | 2.362412 
So is the Sine of the Angle CD B 67 8 9. 966653 
0 the Side B C213.3 Lo 329065 
Again, As Radius I0.000000 
Is to the Side CD 230.4 2.362412 
So is the Sine of the Angle BCD 22 10 9.576689 
To the Baſe BD 86.92 1.93901 
L“Laſtly, | | 
As Radius Io. oooooo 
Is to the Baſe BD 86 92 1.939101 


So is the Tangent of the Angle BDE 51“ 10. 091031 
To the Perpendicular BE 107.3 2.030732 
From the whole perpendicular Height BC 213.3 


Subtra&t the perpendicular Height of —_ 
| the Hill BE © | 7˙3 
There remains the Height CE of 185 
the Steeple. © » 


FC 


One Side BC 532 of an oblique Triangle ABC, 1 22. 


Angle A 110? 30 oppoſite to that Side, and the 


Sum of the other two Sides A B and AC 637 Being 


given, to find the other tro Sides and the Angles 
ſeverally. 


Extend the Side BA to D, make AD equalto-* 
AC and draw D C, fo there will be other two ob- 


lique angled Triangles BDC. and ADC. In the 


Triangle ABC is given the Angle BAC 110“ 30, 


in the Triangle ACD is given the Angle CAD 
69 zol the Complement of the other to 180? ; alſo 
the Triangle ADC is equicrural by Conſtruction, 
therefore the Angles C and D at the Baſe are equal, 
and each of them is Pau to F the given Angle BAC 
(by Prop. 32. Euclid. I. 1) Now in the Triangle BCD 
there 1s given BC 532, BD 2755 and the 515 


Is to the Side BC 532 27259116 

So is the Sine of the Angle A'C B 4594 805 8499897 

To the Side A B 402.08 5 2.6043 I 87 
Again, 

As the Sine of the Angle BAC | 

110* 30 Arith Compl. CY >.0284124 

Is to the Side B C 532 2.72 59116 


Fig. 23. 


[ 56 F 
BDC 55% Is'. Whence the Angle DCB may be 


found (by Caſe I. Of eb/igue Triangles.) 


As the Side of BC 532 Arith. Comp. -# crab 
Is to the Sine of the Angle BDC 55* 15' 9.9146852 
So is the Side BD 637 2, 2.8041 354 


To the Sine of the Angle BOD 100® 19 9.99291 20 


From which ſubtract the Angle ACD 55 ts, and 


the Remainder is 455 4 for the Angle AC B, and 


the Angle is 24 26, which is found by ſubtracting 
the Sum of BCD 100? 19, and D 552 15 from 


180% The Sides AB and A C, are und (by Cale 
I. Of ebligue Triangles.) 


As the Sign of the Angle BAC | 


100 3o' Arith. Compl. 0.0284124 


So is the Sine of the Angle ABC 2426 9 6166164 


To the Side AC 234-93 53709404 
PROB. V. 

One Side BC 250.2 of an oblique Triangle ABC, 
the Angle BAC 96* 5o' oppoſite thereto, and the 
Diference of BD 106, of the other two Sides AB 

and AC being given, to find the Angles B and © 

and the two Sides ſeverally; 

Make AD equal to AC, and draw CD; the Angle 
DAG being 96* 50, the Complement thereof to 
180 is 83 10 for the two Angles ADC and 
ACD; which being equal one to the other, there- 
fore each of them is halt of 83® 10; and by drawing 


CD there is alſo another Triangle made, wherein 
| is 


— ——— 
* * W 
——  — — w - «© — NJM— — — . 2 — — 
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is given BC 250.2 and BD 106, equal to the Diffe- 
| renee of the two Sides AB and AC; and there'is 
alſo given the Angle BDC 138* 25, equal to the 


Complement of 41* 35 


As theSide B C 250, 2 Arith. Comnl, 7.6017127 
Is to the Sine of the Angle BDC 13825“ 9.8219775 


So is the Side BD 106 2. 0253059 
[To the Sine of the Angle BCD 94439961 


161952 


To which if ACD 1 I be added, the Sum of 


the Angle ACB will be 5754 52" : And if A be 
added to it, and the Sum ſubtracted from 180, 
there will remain the Angle AB C255 8, Find 
the Sides AB and AC, as in the laſt Problem; 
Thus: 


As the Sine of the Angle B AC? 
96* 50' Arith. Comp!. 0.0030960 
Is to the Side B C 250. 2.3982873 
So is the Sine of the Angle A CBY 
9280146 
5754 52 b 
To the Side A B 213.5 2. 3293979 
Again, = 
As the Sine of the Angle BAC? 
96* 50 Arith. Comp. 0.003898) 
Is to the Side BC 250.2 _ 2.3982873 
$0 is the Sine of the Angie ABC 
To > the 8195 AC 107. p 2.0314080 


RON. VI. 


In the right angled Triangle ABC there are given, Baſe Fig. 242 


AB 40, and the Sum of the Perpendicular A C, and 

Hypothenuſe A D 200, to find the Perpendicular 

AC and Hvpothenuſe CB ſeverally. 

In the Triangle ABD, is given the Baſe and Per- 
pendicular, to | find the Angles ABD and ADB; 
Thus: | As 


[6] 


As the Baſe. AB RS. 1.6020600 

Is to the Radius 7 Ic. ooo οοοο 

; So is the Perpendicular AD 200 2.30 10300 
j To the Tangent of the Angle ABD? ,_ co 
mn er the og 158559706 


Whole Complement is the Angle D 11* 18' 36% 
and becauſe CD is equal to CB, therefore the Angle 
CBD is alſo. 11* 18'36'; then if 11% 18 36“ be 
ſubtracted from the whole AB D78* 41 24", there 
will remain the Angle ABC 67 22 48. Then to 

find the Sides. 
As Radius 10.0000000 
Is to the Baſe - 1.6020600 
So is the Tangent of the Angle ? | 


ABC 67% 22' 48% 10. 3802083 


To the Perpendicular A C 96 _ 1.9822083 


Then ſubtract 96 from 200, and there will re- 
main the een B C104. 


PR O B. VII. 
Fig. 25. Let B, E and D be three Objects, wheiſe Diſtances art 
known, and C a Station from which al! the Objects 
may be ſeen, and the Angles with each Object may 
be found. What is the Diſtance of each Object? 
BD 106, BE 53, 25 PE 6s, 5 the AnglesBCE 
13* 30' aud DCE 29 50! are given, to find 
BC, EC and D C. 
The three Angles of the Triangle BD E, art 
- faund by Caſe V. of oblique angled Triangles. 


„ß ant <5 


Thro' the three Points B, D and C deteribe a 
Circle, draw the Lines BC, DC and E C, which 
laſt continue to F, where it cuts the Eirote, draw 
BF and DF. Then 180 — Angle B CD = Angle 
B F D = 136 40“ (by Prop. 32. Euclid. 1. 1.) and 
the Angle BDF = Angle B CF (by Prop. 21. Es- 
clid. J. 3) and ſo the Angle DBF = Angle D CF. 
In the 'Triangle BF D all the Angles are given, 70 | 
the Side BD, to find BF = 36, 059 to DF= 4 7 

| 0 


RR n 


— ] —ů—ů — N 88 
—— — „ — "I ME | al L 4 $ V. 7 Ee”, 


67 


Cafe, I. Of vligue ang led Triangles.) Then 
: Angle FDB Angle B DE = F DE; then 
the, riangle FD E, are given the Side: ED, 


| 
' 
7 


FD and the included Angle F DE, to find 
the. Angle FED = 84 30' 24, and 180 A 


FED = 95* 29; 36; then in the Triangle EDC 
all the Angles, and the Side D E.are given, to find 
E C2 10, 42 and DC = 131, 05. Laſlly, In the 
Triangle B D C all the Angles and the two Sides, 
B D and D C are given, to find the third Side 
BS 151-3. e 


P ROB. VIII. 


Suppeſe, B and D two Stations, whe/je Diftance 1647.5 Fg. 26. 


Tards, from whence the tws Objects C and R, may 
may be jeen, and their Angles found by Obſervation, 
viz. CBE 49%, EBD 38*; CDI 329, and 
C DE 56 is required jo find BC, BE, DC, 
DE and CE. 


In the Triangle C BD, the Side BD and all the 
Angles are given, to find B Cg 23, 7795, and DC= 
542349, (which is done by Cale I. Of oblique angled 
Triarg/es) and in the Triangle BED are given 
the fame Things, to find B E=58,6775 and DE 


36,1475, (by the ſame Caſe.) Lafily, In the Tri- 


angle BCE are given BC, B E and the included 


Angle CBE to find C E45, 3378, (by Caſe IV. 
Of QO8/ique angled Triangles. 


PRO B. K 


Let C and E be two Objects, wheſe Diſtance is known, Fig.27. 
aud let B and D repreſent two Stations, from whence | 
they may ve both ſeen, and the horizontal Angles 
CBE and DBE, CDE a CDB: found by 
Os/ervation ; but the Diſtance of the two Stations 
cannot be meajured, What is the Diſtance of the 
io Stationi, and the Olſects from each Stations? 


Draw another Figure ce db, whoſe Side db, 
fippole to be any Number, as 10, and ſimilar to 
CEDB; 


1681 


SE DB; now, upon Suppoſition, that bd 
10, and the ſmall Figure fimilar to the great or, 
we can, by the laſt Problem, find de g, 61, be- 
12,353116,- be = 6,65005 de 2 11,4787 and 
cer, 5448. Now, 1 by working in this Manner, 
c © had been found C E45, 3378, then it is plain, 
all the Sides had been exactly found; but as it has 
not been found by ſimilar 'Friangles, the true Sides 
may be found by thoſe already diſcovered, thus, as, 
ce:CE:: cb: CB=28,7795 ; and as, ce: CE:: 
cd: CD; andcb:CB:: bd: BD=47,;; and as, 
ce:CE::ed: ED=36,147; and lo of the reſt, 


